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ABSTRACT 
This thesis described the synthesis and the dimerization behavior of a class of 
[G1]-[G3] oligo(benzyl ether) dendrons equipped with a quadruple hydrogen-bonded 
2-ureido-4[ 1 H\-pyrimidinone (UPy) core. 
The convergent synthesis of the oligo(benzyl ether) dendrons with a benzyl amino 
focal point will first be presented. Incorporation of the [G1]-[G3] dendritic amines 19-21 to 
2-( 1 -imidazolylcarbonylamino)-6-methyl-4[ 1H] -pyrimidinone 15 furnished the [G1]-[G3] 
dendronized UPy-dimers I 6 2 - I 8 2 . The structures and the purities of these dendrons and their 
precursors were characterized by ^H and '^C nuclear magnetic resonance (NMR) 
spectroscopies, mass spectrometry (MS), gel permeation chromatography (GPC), and/or 
elemental analysis. The dimerization behavior of the UPy functionalized dendrons under 
various conditions was fully studied by high resolution 'H NMR spectroscopy, vapor 
pressure osmometry (VPO), infrared (IR) spectroscopy and GPC analysis. 
The results indicated that dendronized dimers were strongly dimerizing with large 
dimerization constants (^：出爪* > 2 x 10^  IVT' in CDCI3 at 25 °C). Moreover, they exhibited a 
generation-independent dimerization behavior under all experimental conditions. It was 
, found that the nonpolar microenvironment created by the oligo(benzyl ether) dendrons was 
�‘ highly essential in dictating the stabilities of the dimeric states. Furthermore, the steric effect 
• from the dendrons on the dimerization process was found to be negligible. 
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ABBREVIATIONS AND ACRONYMS 
A ^gstrom HRMS high-resolution mass 
Anal. analytically spectrometry 
a.u. arbitrary unit(s) Hz hertz 
bp boiling point (range) IR infrared 
br broad (spectral) J coupling constant 
� C degree Celsius K kelvin(s) 
calcd calculated A^dim dimerization constant(s) 
GDI 1,1 '-carbonyldiimidazole L liter(s) 
CI chemical ionization LAH lithium aluminum hydride 
cmfi wavenumber(s) // micro 
compd compound m multiplet (spectral); 
S chemical shift in parts per meter(s); milli 
million M molar (moles per liter); 
d day(s); doublet (spectral) mega 
DIAD diisopropyl M+ parent molecular ion 
azodicarboxylate MHz megahertz 
DIBAL-H diisobutylaluminum min minute(s) 
hydride mM millimole(s) per liter 
DMF A^jA^-dimethylformamide mmol millimole(s) 
DMSO dimethyl sulfoxide number-average 
DP„ number-average degree(s) molecular weight 
of polymerization mol mole(s) 
DPw “ weight-average degree(s) mp melting point (range) 
‘ of polymerization M从 weight-average molecular 
V, EI electron impact weight 
equiv. equivalent MWD molecular weight 
ESI electrospray ionization distribution 
Et ethyl MS mass spectrometry 
EtOAc ethyl acetate m/z mass-to-charge ratio 
Et20 diethyl ether nm nanometer(s) 
FAB fast atom bombardment NMR nuclear magnetic 
FT Fourier transform resonance 
g gram(s) NOE nuclear Overhauser effect 
GPC gel permeation NOESY nuclear Overhauser effect 
chromatography spectroscopy 
h hour(s) NPhth phthalimide 
-vi -
PDI polydispersity index t triplet (spectral) 
ppm part(s) per million THF tetrahydrofuran 
q quartet (spectral) TLC thin layer chromatography 
quin quintet (spectral) UPy 2-ureido-4[l//]-
Rf retention factor pyrimidinone 
ROESY rotating frame Overhauser UV ultraviolet 
effect spectroscopy vis visible 
rt room temperature VPO vapor pressure osmometry 
s singlet (spectral); v/v volume-to-volume ratio 
second(s) w/v weight-to-volume ratio 
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Chapter I - Dendritic Macromolecules and Dendronized Polymers 
CHAPTER 1 
Dendritic Macromolecules 
and Dendronized Polymers 
1.1 Introduction to Dendrimers and Dendronized Polymers 
Dendrimers and dendrons, collectively known as dendritic molecules, are a class of 
monodisperse macromolecules with extensive branching emanating from a core (Figure 
1-1). 1 The size of a dendrimer is related to its generation which is the number of 
concentric layer of branching units. The dendrimer shown in Figure 1-1 is thus a [G3] 
dendrimer consisting of three [G3] dendrons. Dendritic molecules possess a unique 
architecture and sometimes with nanoscopic dimensions with a spherical shape, 
particularly for dendritic molecules of high generation. They are therefore useful 
candidates for the preparations and fabrications of nanomaterials. By incorporating 
functional units inside a dendrimer, it may give rise to products that have a wide range of 
applications in medicinal science, ^  catalysis, ^ light-harvesting m a t e r i a l s / molecular 
recognitions, etc. 
Figure 1-1. Schematic representations of a dendrimer and a dendron. 
Dendrons/dendrimers can be prepared by either divergent ^ or convergent 
synthesis.^ In divergent approach, a dendrimer grows from the core to the periphery with 
protecting groups as surface moieties (Figure 1-2). The number of reaction sites increases 
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exponentially from one generation to another. This would require a large excess of react-
ants for complete reaction in order to produce a defect-free dendrimer. 
Figure 1-2. Divergent approach to dendrimers. 
In convergent approach, the dendritic growth of a dendrimers begins from the 
surface to branching units of successive generations until the core is reached (Figure 1-3). 
This approach is more preferable to the divergent approach since each coupling reaction 
involves only small number of reactions per molecule. As a result, large excess of reactants 
is not required and the purification is undemanding due to large structural differences 
between products. In the literature, most of the dendritic compounds were therefore 
prepared by using the convergent approach. 
Figure 1-3. Convergent approach to dendrimers. 
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The replacement of a central molecular core by a polymeric core gives rise to a new 
class of dendritic macromolecules namely dendronized polymers (Figure 1-4).^ In fact, 
dendronized polymers are the result from merging the concepts of dendrimers and 
conventional polymers. Conventional polymer chains may length from several to hundreds 
nanometers with a diameter of about few angstroms. By replacing the side chains of a 
conventional polymers with dendrons {i.e. dendronization), the diameter of a polymer may 
also extend to several nanometers and may result in the formation of nano-rod. Therefore, 
dendronized polymers are highly important to nanotechnology since they offer an 
opportunity to prepare rod-like nano-object via a bottom-up approach. 
Figure 1-4. A graphical representation of a dendronized polymer. 
The diameter of the nano-rod can be controlled by the generation {i.e. the size) of 
the dendrons, while the length is depended on the DP„ values of the polymer chain. This 
�� rod-like feature of the dendronized polymer results from the stiffening of the polymer 
backbone caused by steric repulsion between the attached dendrons. Figure 1-5 illustrates 
the conformational transition from a random-coiled polymer to a rod-like polymer by 
introduction of increasingly sterically demanding dendrons. The degree of stiffening will 
depend on both the structure and generation of the dendron, together with the packing 
density. Apart from nanoscience, dendronized polymers have found a lot of successful 
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0 m& 
Conventional polymer without Dendronized polymer 
dendrons (random coil) with [G1] dendrons 
Dendronized polymer Dendronized polymer with 
with [G2] dendrons [G3] dendrons (rod shape) 
Figure 1-5. Conformational transition from a random-coiled polymer to a rod-like polymer by increasing the 
generation of dendron. 
1.2 Overview of the Synthesis of Dendronized Polymers 
There are generally three strategies to prepare dendronized polymers, namely 
graft-from, graft-to, and macromonomer approach. Each approach has its own pros and 
cons in terms of the ease of preparation and structural quality of the dendronized polymers. 
1.2.1 Graft-from Approach 
The graft-from approach actually resembles the divergent approach for the 
synthesis of dendrimers. The dendritic growth proceeds from the pre-attached focal point 
Figure 1-6. Graft-from approach to dendronized polymers. 
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on the polymer backbone to the periphery (Figure 1-6). The major drawbacks of this 
approach are the needs to use large excess of reactants and to run the reaction for a long 
time in order to ensure a complete dendronization. Practically, even with high coupling 
efficiency, defect-free dendronized polymers are hard to synthesize and the resulting 
mixture of defective dendronized polymers will also create a purification problem. 
Therefore, reports on the synthesis of dendronized polymers using graft-from approach 
were rare” 
1.2.2 Graft-to Approach 
The graft-to approach is conceptually the same with the convergent approach in the 
synthesis of dendrimers. The preformed dendrons of desired generation are anchored to a 
polymer backbone (Figure 1-7). Similar to the graft-from approach, this approach also 
Figure 1-7. Graft-to approach to dendronized polymers. 
requires a highly efficient coupling reaction for the grafting process while the graft-to 
approach is synthetically useful for the preparation of defect-free [Gl] and [G2] 
dendronized polymers. On the other hand, grafting with higher generation dendrons 
usually results in incomplete dendron coverage due to the steric shielding of the reactive 
sites on the polymer backbone by bulky dendrons�4 The best result was obtained by using 
"click chemistry" as an extremely efficient coupling reaction.'^ In this study, quantitative 
coverage of [Gl] and [G2] dendrons were observed and 98% coverage of [G3] dendrons 
was achieved. 
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1.2.3 Macromonomer Approach 
The macromonomer approach refers to the polymerization of a dendritic 
macromonomer equipped with a polymerizable focal point (Figure 1-8).'^ Dendronized 
Figure 1-8. Macromonomer approach to dendronized polymers. 
polymers prepared by this approach must, by definition, exhibit complete dendron 
coverage. In contrast to the previous two approaches, in which preformed polymers are 
used, this approach does not ensure an efficient polymerization. An efficient 
polymerization is, therefore, of paramount importance in the preparation of defect-free 
dendronized polymers with high molecular weights. Two types of polymerization methods 
are used in the macromonomer approach, namely (i) step growth polymerization and (ii) 
chain growth polymerization. 
“ 1.2.3.1 Step Growth Polymerization 
Typical step growth polymerizations are polycondensations and polyadditions 
between A—A type and B-B type dendronized macromonomers or an A-B type 
dendronized macromonomer (Figure 1-9).^^ In these studies, the number-average degree 
of polymerization (DPn) is less than 100 in the [Gl] series. Usually, the DP„ values of 
those [G2] dendronized polymers were even below 20，indicating the oligomerizations 
were the dominant process. Furthermore, the resulting dendronized polymers/oligomers 
possessed high polydispersity indices (PDI = 1.8-4.5). Amongst these step growth 
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Figure 1-9. Dendronized polymers prepared by step growth approach. 
reactions, Suzuki coupling polymerization has received a lot of attention due to its ability 
to prepare polymer with a conjugated backbones (Figure I-IO).'^ Again, the DPn values 
were rather low {DP„ < 25) together with high product polydispersities (PDI = 1.7-8.4). 
These were due to (i) the steric congestion of bulky macromonomer, and (ii) inherent 
kinetic problems associated with the step growth polymerizations. As in conventional step 
growth polymerization, high molecular weight dendronized polymers can only be obtained 
when (i) coupling efficiency is high, (ii) purity of monomer is high, (iii) reaction yield is 
high, and (iv) an exact 1:1 stoichiometric ratio of A-A/B-B is employed. 
�� (Gl) �[G1I 
0 CeHis 0 .CeH^s 
B r - Q ^ ^ Q ^ B r + (HO^B^Q-BiOH)^  ^ ^ ^ 
0 CgHis 0 CfiHis 
[G11 [G1] DPn = 18 
PDI = 3.8 
B 各 + o - o - O — 
Me Me 
OPn = 25 
PDI = 5.0 
Figure 1-10. Dendronized polymers prepared by Suzuki coupling polycondensation. 
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1.2.3.2 Chain Growth Polymerization 
Chain growth polymerizations usually involve free radical polymerization of 
dendronized styrenic, acrylic, and methacrylate macromonomers (Figure 1-11). Detailed 
studies on the relationship between the structural features of the macromonomer and 
polymerization kinetics were reported by Percec et al}'^ They found that the critical 
monomer concentration is of paramount importance in dictating the DP" values and 
molecular weights of the polymers. Above this critical concentration, at the onset of the 
polymerization, monomers and oligomers self-assembled into spherical superstructures 
which accelerated the rate of polymerization by increasing the effective concentration of 
the reactive polymerizable groups. Related studies by Schluter et al. also revealed the 
monomer concentration played a very important role in the polymerization kinetics.^^ 
These studies indicated the presence of narrow concentration windows only in which the 
polymerization could proceed smoothly to afford high molecular weight dendronized 
polymers. Later studies by the same authors revealed that temperature, solvent, purities of 
monomers, and the homogeneity of the reaction mixture must also be optimized in order to 
obtain high molecular weight polymer, especially for monomers of high generations.^' 
- C12H25O 
( f ^ BocHN NHBoc 
… � K J u BocHN ) NHBoc 
V� O BOCHN NHBOC 
。！ y 1 ^ y ^ 
T BocHN U HN^ O O^NH NHBoc 
。工？ I \ 
C12H25O ^ n h HN-^ 
C12H25? T T 0C12H.S V V 
V 0 s 
T 。丫。 
oX^Me Me 人 
Figure 1-11. Dendronized macromonomers used for radical polymerizations. 
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Ring-opening-metathesis polymerization (ROMP) using ruthenium or molybdenum 
catalysts opened up a new strategy to afford dendronized polymers (Figure 1-12). In 
general, these dendronized polymers had narrower molecular weight distributions when 
compared to those prepared by the aforementioned methods.^^ Similarly, high molecular 
weight polymers were obtained only for the [Gl] macromonomers. 
CizHzsO OC12H25 ) \ 
C12H25O4 / h > - < > - < ^ />-0C,2H25 尸 p PDI < 1.3 
i o f OP. <120 C P 
PDI <1 .3 j ^ 
a � " K H > Q Q 
Figure 1-12. Examples of dendronized polymers prepared by ROMP. 
In summary, the macromonomer approach most often failed to produce 
dendronized polymers with high molecular weights especially for high generation 
macromonomers. Obviously, the dendritic effect plays a very important role on the 
polymerization kinetics. The bulky dendrons may completely inhibit the polymerization 
‘ process. Furthermore, the existence of critical concentrations and narrow concentration 
� windows during polymerization implies tedious optimizations of reaction conditions are 
‘ needed for each polymerization. 
1.2.3.3 Supmmolecular Polymerization 
Nature has utilized reversible bonding as a mean to generate a variety of 
well-defined supramolecular-structures such as the self-assemblies of actin and tubulin to 
give biopolymers, micelle formation, self-organizations of protein, virus, and DNA, etc.^ ^ 
These noncovalent, reversible bonding interactions {e.g. hydrogen-bonding, coordination 
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bonding, TT-TT stacking interactions, ionic bonding, hydrophobic-hydrophilic interactions, 
etc.) used for molecular assembly or molecular recognition were termed as 
"supramolecular" interactions by the Nobel laureate - Jean-Marie Lehn in 1987.24 These 
biological assemblies are capable to self-correcting and self-healing under thermodynamic 
control. Furthermore, they are responsive to external stimuli such as concentration, 
temperature, and light. Hence, tunable properties from these supramolecular systems are 
expected. Therefore, one might expect that artificial supramolecular systems may also 
possess these unique characters that are not found in conventional covalent systems. 
Indeed, chemists are now able to prepare a wide variety of supramolecular systems, 
and have applied these "supramolecular" interactions in the synthesis of supramolecular 
polymers (Figure 1-13). ^^  These supramolecular polymers are dynamic in nature, 
especially those using hydrogen bonding. The usual parameters of a polymer such as 
molecular weight distribution, degree of polymerization, and rheological properties are, 
therefore, solvent-, concentration- and temperature-dependent. 
H y d r o g e n B o n d i n g : bu 1 Ionic In teract ion: \ / - \ \ ^ (J U " O (J N-H ,__/ Me \_^ � Bu� PK Q /-n® f)^― 
N - H 0 � H N - H \ / \ = / 
PK K J n ^ 厂 ^ o O ^ J ^ 0 0 " 
‘ ， " . " , . " " " , 力 � ‘ " " " " " " " d r t \Y^、2pf? „ 
H - N H 0 H - N ~ \ \=J 
• H-N”� Bu �n V / O 本 0 J 
�Bu V=/ e 
/ ® 2 PFe 
M e t a l C o o r d i n a t i o n : 
n 
Figure 1-13. Supramolecular polymers prepared using hydrogen bonding, ionic interaction, and/or metal 
coordination.^^ 
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Although there are numerous reports on the synthesis of dendrimers by 
self-assembling approach;!? studies on the synthesis of dendronized polymers using this 
self-assembling approach and only a handful of examples is known. For example, using 
metal coordination chemistry, Zimmerman el al. reported the preparation of Sn-porphyrin 
based [G3] dendronized macromonomer 1 (Figure 1-14). However, only oligomers 2 
{DPn < 12) were formed as determined by GPC. The large steric effect of the four bulky 
dendrons on the monomer probably impeded the formation of large polymers. The 
connections between each inner binding site {i.e. the Sn centers) are, therefore, highly 
suppressed. 
OR OR -
主 。 I o 主 。 声 
OR ^ DPn < 12 
I r T T i I 
% W Y , 
, • 、 人 J 
• Y 
. R = V ^ o 
Figure 1-14. Zimmerman 's coordination dendronized oligomers. 
Our group has adopted an outer-sphere-outer-sphere connection strategy to prepare 
a series of dendritic necklace using Pt-C coordination linkage (Figure 1-15).^^ These 
dendronized polymers, with DI\ values ranging from 30-880 (depending on the 
generation), were obtained in good yields. Through GPC and LLS studies, it was found 
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0(CH2)30Ar ArO(CH2)30 
Ar0(H2C)30^ ^^  陶30Ar 
厂 ArCKCHjhO 厂 CXCHzhOAr 
— 。 陶 i � � ^ X �成 务 。 
o o 
ArO<CH2hO / 0<CH2)30Ar � “ 
Ar0(CH2)30-<Q' ^^ 0<CH2)30Ar 
0(CH2)30Ar Ar0(CH2)30 
-(CH2)3- AT = 
Figure 1-15. Supramolecular [G3] dendritic necklace prepared in our laboratory. 
that the largest size [G3] dendron could also stiffen the polymer backbone of the dendritic 
necklace 3. Very recently, Wurthner et al. reported a series of supramolecular dendronized 
polymers 4 using Ag-N bonding connectivity (Figure 1-16).^^ However, neither DP„ 
values nor MWn was reported. From AFM study, it was found that their [G3] 
macromonomer could not undergo polymerization at all. This again illustrated that the 
steric effect of the bulky dendrons could completely inhibit polymerization even with the 
supramolecular approach. 
BnO OBn 
: > � � = { BnCyyBn 3 � � ^ ^ �^O B n 
• 0 0 R = [ G 1 � V r = [ G 2 � �它 
r \ /}~\ ® 
BnO^OBn BnO^OBn 
0 ^ 。工。 。工。 
V o 0=<° BnOy^^^J^X^O OyX^a^lly^OBn 
‘ 4 V � Y Y � T 
BnO R = [Q3J Y OBn 
Figure 1-16. Wurthner 's coordination dendronized polymers. 
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Reports on hydrogen bond-mediated self-assembly of dendronized polymers are 
even more limited. To our knowledge, these polymers have only been reported by 
Zimmerman et al. In their initial study on the hydrogen bond-mediated polymerization, 
dendronized macromonomer 5 containing two isophthalic acid moieties self-assembled to 
form a mixture of discrete cyclic hexamer 6 and linear dendronized polymers 7 (Figure 
M7).3i However, due to a well-preorganization of the hexameric isophthalic acid motifs, 
linear dendronized polymer 7 was formed only in small quantities. 
c T � U 
R : Dendron 5 �" L ^ � � 。？ J 
\ / 6 
、,》、H ^ ^ ^ T ^ H . Q 0、 ‘ .H R ^ ^ ^ I P ^ H . Q 0 、 
„ 、,,,H一cy^^^o, H 一 o ^ R ^ ^ ^ o , 




Figure 1-17. Zimmerman 's hydrogen bond-mediated dendronized supramolecular system. 
A follow up study showed similar results by replacing the isophthalic acid moiety 
with a quadruple hydrogen bonding moiety - ureidodeazapterin (DeAP). ^^  Again, be-
cause of the high stabilities of the hexameric assemblies 8，little or no supramolecular 
dendronized polymers were formed (Figure 1-18). 
In conclusion, there is still no successful preparation of high molecular weight 
supramolecular dendronized polymers. The degrees of polymerization were shown to be 
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麵 ^ ^以 
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Figure 1-18. Zimmerman 's DeA P-containing dendronized supramolecular hexamers. 
generation-dependent in most of the cases. The supramolecular dendritic necklaces 
prepared by our group although had high molecular weights, their reversibility {i.e. 
depolymerization) can only be carried out by chemical means. Concerning about the 
"ease" of achieving reversibility, hydrogen bond-mediated systems are good candidates. 
Their reversibility can be demonstrated simply by varying physical conditions such as 
concentration, solvent polarity, and temperature. The main obstacle to the formation of 
linear polymers is the use of programmed preorganization of the binding moieties. If a 
I、 
bifunctional dendronized macromonomer is carefully designed in such a way that 
preorganization is eliminated, the preparation of linear assemblies of the corresponding 
supramolecular dendronized polymers may be achieved. Equally importantly, the negative 
steric impact on polymerization should also be minimized in order to prepare 
supramolecular dendronized polymers bearing high generation dendrons. 
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CHAPTER 2 
En Route to Hydrogen Bond-Mediated 
Stipramolecular Dendronized Polymers 
2.1 Design of Supramolecular Dendronized Polymers 
In conventional polymers, the molecular weight distribution (MWD), and hence 
the DPn value, is determined by the polymerization kinetics.^^ On the other hand, these 
parameters are determined by the thermodynamic stability of a supramolecular polymer.^ '^  
With the scope being to develop supramolecular dendronized polymers with high DP„ 
values and narrow MWD, especially at high generations, the design of hydrogen 
bond-mediated dendronized polymers would rely, firstly, on the understanding on the 
thermodynamic aspects, namely the binding mode and the binding constant between two 
end-groups of each bifunctional dendronized monomer. Furthermore, dendritic effect 
must also be taken into account in the proper design of supramolecular dendronized 
polymers. 
From the following sections, we will see that the appropriate selection of binding 
moiety and the microenvironmental nature of dendrons are of utmost importance in the 
design" of the supramolecular dendronized polymers. Furthermore, the study of the 
corresponding monofunctional dendronized compounds (i.e. the dendronized dimers) is 
necessary in order to probe the dendritic effect on the binding process. To this end, the 
following sections will be devoted to the binding aspects on supramolecular 
polymerizations, followed by a brief discussion on the dendritic effect on binding 
behavior. 
2.1.1 Binding Modes in Supramolecular Polymers 
Linear supramolecular polymers can be separated into two categories according to 
their modes of binding: hetero-complementary and self-complementary. Generally, the 
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choice of binding modes does not change the DP” values provided that their association 
constants are comparable. Nonetheless, there are practical reasons that create serious 
problems on the efficiency of the polymerizations that employ hetero-complementary 
binding modes. 
2.1.1.1 Hetero-Complementary Polymerization 
There are two classes of polymers based on the hetero-complementary 
interactions (Figure 2-1). The first class involves two homo-bifunctional monomers, A-A 
and B-B where A and B form a complementary pair (class A); the latter involves only 
one hetero-bifimctional monomer, A-B (class B). 
(A) 
L Jn 
• - C > • [ ( • ( • ] ( 
L Jn 
Figure 2-1. Two classes of hetero-complementary polymers: (A) involves A-A and B-B types of monomers, 
(B) involves A-B type monomer. 
Class A supramolecular polymers are well-developed and studied by Lehn et al. 
. (Figure For example, 2,6-diacylaniinopyridine and uracil could formed a pair 
“ Me 
V o �=< 
n-h"…'"o 
r 9••“"”H-N OR O ~ ( o OR 1 
- ^ n - H , " , " . . �O y V o � � �… " • " 
HN-^  尸 0 OR V H 0 OR O n 0 H-N Q ^ 
少 0 Me R = Ci2H25 
Me 
/ t-Bu f-Bu \ 
- > 0 H-I^O O OR 0 0 < 0 OR q -
一 _ _ _ _ _ _ _ _ _ _ _ _ 丨 _ . 丨 一 
L � , • • " . " � 0厂 IR 0�iN-H.",_",O i T 1 Jn 
f-Bu t-Bu R = C-12H25 
Figure 2-2. Some examples of supramolecular polymers with two different kinds of bifunctional monomers. 
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of heterodimer via DAD • ADA binding array with a binding constant Kb ~ 10^-10^ M—丨. 
In the presence of mesogenic moieties, these systems are capable to form supramolecular 
liquid crystalline polymers and fibers as indicated by electron microscopy. However, no 
DP„ values were given. As in the case of conventional polyesterification of two 
bifunctional monomers, polymeric materials can only be obtained by an exact 1:1 
stoichiometric ratio of A-A/B-B. This certainly could create serious problems when two 
monomers are of very different molecular weights (see Section 1.2.3.1). 
Class B supramolecular polymers will not possess the aforementioned problem 
since only one type of monomer is involved. But another problem lies in the practical 
difficulties on the synthesis of such "asymmetric" bifunctional monomers in pure form 
without the formation of small quantities of A-A and B-B homo-bifunctional monomers. 
To our knowledge, no polymer of this type was reported. This dilemma is completely 
eliminated in the self-complementary supramolecular polymer as discussed in the next 
section. 
2.1,1.2 Self-Complementary Polymerization 
By definition, self-complementary supramolecular polymers are formed by 
. self-assembly of only one type of symmetric bifunctional monomers. The most 
well-known self-complementary system was the 2-ureido-4[ 1 //]-pyrimidinone-based 
• (UPy-based) supramolecular polymers that were first disclosed by Meijer et al. (Figure 
2-3),36 
R R R 
/ ^ N ' H / ^ N ' H /^N 'H , . 
？武八义 R^八1 / . 
； • 一 :、 ： - ； N-A ； -
/ / H H / H H / H ri / / / 
- o, f VsO 0, 厂 >=0 0 厂 V=0 h ' N ^ - H ' N ^ "h'N r 
R R R 
Figure 2-3. Self-complementary supramolecular polymer based on quadruple hydrogen-bonding. 
- 1 7 -
Chapter 2 - En Route to Hydrogen Bond-Mediated Supramolecular Dendronized Polymers 
The DPn values of such supramolecular polymers approach 10^  in diluted isotropic 
solutions owing to the strong dimerizing power of the UPy moiety (/^ dim > 6 x 10^  in 
CDCI3 at 25�c).36a’37 Furthermore, the remarkable reversibility and temperature-
dependent rheology rendered them highly practical in numerous areas such as adhesives, 
printing, cosmetics, coatings, etc.^ ^ Self-complementary polymerization also eliminates 
the 1:1 stoichiometric requirement. Therefore, supramolecular dendronized polymers of 
this type are more easily to prepare. 
2.1.2 The Effect of Binding Constant on the Degrees of Polymerization 
For self-complementary binding, the DPn value can be obtained from the binding 
constant (/Tb) between the binding units and its initial bifunctional monomer 
concentration, [mono]。，using an isodesmic model.34b Several assumptions are made in 
this model. First, the equilibrium constants (^b) for all monomer additions are assumed to 
be identical. Second, the two binding units of a bifunctional monomer are assumed to be 




y + K2 = K3 = K4 = . . . = Kb 
L J2 L J3 
• Q - se l f -complementary 
• ^ _ binding unit 
n-1 n 
Figure 2-4. Isodesmic model for self-complementary supramolecular polymerization. 
The binding constant (/^ b) of the bifunctional monomers is further related to dimerization 
constant (A'dim) of the corresponding monofunctional monomers by Equation 2-1: 
火 b = 4 火 ― (2-1) 
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where the multiplication factor “4” is originated from an entropic consideration. 
Obviously, this analysis is also applicable to supramolecular dendronized polymers 
(Figure 2-5). 
Bifunctional Monofunctional 管 ：：:贊 
、 ^ ^ ： ^ ^ 
Figure 2-5. Structural relationship between bifunctional and monofunctional monomers. 
Following the isodesmic model, the DP^ and DP„ values are then related to ^b by 
Equations 2-2 and 2-3, respectively: 
一 二 b ; _ o j (2-2) 
1-Ab[niono] 
DP^ = ！ (2-3) 
1 - Kb [mono] 
where [mono] is the equilibrium concentration of the monomer. However, it is useful to 
express these two equations in terms of the initial bifunctional monomer concentration, 
• [mono]o, which is known in the experiment. The mathematical relationship between 
� [mono] and [mono]o is given by Equation 2-4: 
/ n1/2 
i^b [mono] = 1 + 5 ！ + 5 (2-4) 
2A:b[mono]o [monoJo 4(^b[mono]o)^ , 
This equation shows that when the initial monomer concentration approaches infinity, the 
equilibrium monomer concentration will tend to (/.e. Ay mono] tends to 1 but less 
than 1). Using Equations 2-1 and 2-4，Equation 2-3 can be rearrange into Equation 2-5 
such that the DP„ can be expressed in terms of A^dim and [mono]o which are known 
quantities. 
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r^p 8 尺 dini[mono]o 
"尸” = • ==— ( / o j 
Vl + 16i^dim[mono]o - 1 
This theoretical relationship can also be derived from the Carother's equation^^ 
which is used for theoretical step growth polymerization. A log-log plot of DP„ as a 
function of 尺dim at various concentrations is shown in Figure 2-6. This plot illustrates a 
virtually linear relationship between log(DP„) and /og(^dim) at a particular concentration. 
104 ^ 
• ^ ^ z Z z z ——1.00M • 
Z z Z z 0.20 M ： 
101 i ^ z z 0.05 M ： 
z • 
1 QO . • ‘ ' • I • Mj I • 1111 m I ‘ 1111 m I ‘ 1111 ii[ I _ ‘ * t ‘ ‘ 
102 103 104 105 10® 107 �im 
Figure 2-6. Plot of DP„ as a function of K^im at various concentrations (0.05, 0.20, and 1.00 M). 
When 火dim » l，DPn can be related to K^m approximately by Equation 2-6: 
V DP„ «尺— [ m o n o ] o (fori^dim»l) (2-6) 
It is worth mentioning that the DP„ values of UPy-based supramolecular polymers 
are much higher than that obtained from conventional polycondensation {DPn is in the 
"y I Q 
order of 10 for aliphatic polyamides). Consequently, one might anticipate that a 
quadruple hydrogen-bonding UPy motif might be a good candidate as the binding unit of 
a supramolecular dendronized polymer. This polymer may exhibit high DP„ values {DPn 
> 10 )^ that are not achievable in conventional polymerization owing to the high 
dimerization constant of the UPy unit (A^dim�10^ M~'; see Figure 2-6). 
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2.1.3 The Effect of Dimerization Constant on the Molecular Weight Distribution 
Again, the theoretical MWD given by a self-complementary polymerization can 
be obtained the aforementioned isodesmic model.34b The MWD is evaluated by a quantity 
called the polydispersity index (PDI). The PDI value is defined as the ratio of the 
weight-average molecular weight (M^) to the number-average molecular weight {M„) 
which is also the ratio of DP^ and DP" (Equation 2-7): 
M DP 
PDI = � =^ (2-7) 
Mn DP„ 
Equation 2-7 can be calculated by combining Equations 2-2 and 2-3 to give Equation 2-8: 
PDI = 1 + A： Jmono] (2-8) 
This equation implies that the ideal PDI value obtained from the 
self-complementary polymerization tends to 2 when the initial monomer concentration 
approaches infinity (see Equation 2-4). This is actually the same result demonstrated by 
the Flory distribution for a step growth mechanism.^^ Indeed, the self-complementary 
polymerization of UPy-based supramolecular polymers is intrinsically a step growth 
polymerization. In a dilute solution of such a polymer, say 1.0 M, the theoretical PDI was 
‘ found to be 1.9997 when KtHm is equal to 10^  M~'. This narrow distribution is greatly 
Vv 
appreciated by the fact that conventional step growth polymerizations yield PDI in the 
range of 2.0-4.0.^^^ One might argue that the use of a smaller A^dim will give a narrower 
distribution. This is, of course, the truth but requires a lowering of DP„ value as a 
compensation (see Equation 2-5). 
2. L 4 The Dendritic Effect on the UPy Binding Behavior 
It is known that dendritic effect is observable in various supramolecular 
systenis.3i，4G Careful selection of dendrons is highly essential since the dendrons might 
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affect the supramolecular binding via steric and microenvironmental effects. Thus, there 
is a need to understand to what extent these effects could be on the binding constant. 
Hence, we decided to initially look at the dendritic effect on binding using a dendritic 
series of monofunctional monomers and study their dimerization behavior of the UPy 
unit after dendrimerization. 
While this project was underway in our laboratory, Kaifer et al. reported the 
dimerization studies of a series of dendronized oligo(amide) dimers 92—II2 equipped with 
a UPy-based focal point (Figure 2-7).'^' They asserted that the dimerization constants for 
n ： I 晏 。 七 义 
力 X r 9 2 ’ R = - \ X 伊 t 4 ^ �。 协 + 
n U 义。;< r � x ^ x 
R �丫 6 。 分 1 1 2 , R = [G3] l ^ r ^ r ^ K ^ f 卞 
1 � 2 ’ R = [ G 2 丨 於 、 + 狐 。 讨 
-A K ^ 
Figure 2-7. Kaifer 's UPy-based dimers equipped with oligo(amide) dendrons. 
« 
the [Gl] and [G2] dimers exceed 10^  M"', while that of the [G3] dimer II2 was 
• disastrously dropped to 3 The authors attributed this suppression to the large steric 
effect imposed by the [G3] dendrons, and the enhanced polarity of the dendritic 
microenvironment. Furthermore, a more complicated issue arose due to the tautomerism 
of the UPy moiety (Figure 2-8). The UPy moiety was known to exist in two tautomeric 
forms, namely the DDAA 4[1//]-pyrimidinone form and the DADA pyrimidin-4-ol form. 
The DDAA tautomer formed a stronger dimer as compared to the DADA tautomer due to 
attractive secondary interactions in the former tautomeric form (10^ vs. 10^  
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1 : 1 : �� I I 
H = H = = = H H 三 ： 三 ： : : 三 三 
i ? i ” ^ ^ I i D: Hydrogen Donor 
o丫N丫N o R �丫N丫N o A: Hydrogen Acceptor 
R R 
� i m = 1 0 5 M - 1 f < d i m > 1 0 7 M - 1 
D A D A tautomer D D A A tautomer 
Figure 2-8. Tautomerism of the UPy-hased dimeric unit. 
In Kaifer's dimers, there was a substantial amount of the DADA tautomer in 
equilibrium with the DDAA tautomer in both the first and the second generations (14% 
for [Gl] and 1% for [G2] in CDCb; 25% and 13% in toluene-^/g). This again illustrated 
that the microenvironment effect of dendrons had a pronounced consequence on the 
binding motif. The preservation of DDAA tautomer is highly important in forming 
supramolecular polymer since the DP„ value will be significantly lowered by the 
presence of DADA binding motif (see Figure 2-6). 
Another synthesis of UPy-containing fullerodendritic dimers was also reported by 
Nierengarten et al. (Figure 2-9).^^ However, neither the dimerization constants nor the 
tautomeric behavior of the UPy unit was reported. 
.：^屬\ 1狐 
� V 0 V 
R = [G1] V R = [G2] °J 
/ / 
Figure 2-9. Nierengarten 's UPy-hased dimers equipped with fullerodendrons. 
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2.2 Summary 
Based on the previous experiments, it appears that the preparation of 
supramolecular dendronized polymers might be accomplished by utilizing a 
self-complementary, quadruple hydrogen bonding system as the binding motif. However, 
this quadruple hydrogen bonding system must be easily assembled and possess high 
dimerization constant, such as 2-ureido-4[ 1 //]-pyrimidinone (UPy). Bifunctional 
dendronized monomers equipped with two UPy moieties can therefore form 
supramolecular dendronized polymers with high DP,, values that are not attainable in 
conventional polymers. However, both the steric and microenvironmental effects of the 
dendrons are difficult to be assessed due to limited literature precedents. For this reason, 
the design of supramolecular dendronized polymer should entail a detail study on the 
dimerization behavior of a monofunctional analog to address the steric and 
microenvironmental effects in greater details. 
As a result, the preceding survey of literature revealed that there is a need for a de 
novo design of the monofunctional dendronized system such that (1) the UPy moiety 
should be entirely preserved in its DDAA form, (2) the dimerization behavior should be 
generation-independent, and (3) the synthesis should be efficient in order to be useful. 
« 
In the next two chapters, the major objectives and results of this thesis, i.e. the 
design, synthesis, and dimerization studies of UPy-containing dendrons, will be presented. 
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CHAPTER 3 
Design，Synthesis, and Structural 
Characterization of Dendronized Dimers 
3.1 Design of Dendronized Dimers 
As described in Chapter 2, a very strong dimerization is required to ensure the 
preparation of supramolecular dendronized polymers. We therefore chose the 2-ureido-
4[l//]-pyrimidinone (UPy) as the binding unit in our study (Figure 3-1). The dendron can 
Ri 
5 / H ' H " �. 
0各 nJ^N 人 N'R2 
: : I I 
E = H H : ��� 
H H E E 丫 丫 
Figure 3-1. General structure of an UPy moiety. 
most easily be attached to the C-6 position of the pyrimidine unit {i.e. R') or the terminal 
amino group of the ureido unit {i.e. R^). Both the microenvironment and the steric size of 
the dendron are known to be important factors in dictating the dimerizing strength of the 
UPy unit. Therefore, there are several things that have to be taken into consideration in the 
‘ design. These include (1) the nature of R', R ,^ and the dendrons (2) the location of the 
Vv 
dendrons within the UPy moiety, and (3) the synthetic accessibility of the monofunctional 
dendronized system. 
3.1.1 The Nature of R 丨 and R] on the Dimerization Behavior 
A detailed study on the UPy dimerization behavior was reported by Meijer et al?^^ 
It was shown that the nature of R' and R^ had an important effect on the tautomeric 
behavior, and hence the dimerization of the UPy unit. Table 3-1 summarized the percentage 
of DDAA tautomer in CDCI3 and toluene-^/g of some selected examples with different R' 
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and r2 groups. The results strongly suggested the use of aliphatic hydrocarbon side chains 
for the R' and R^ substituents. On the other hand, aromatic groups, especially 
electron-withdrawing ones, would favor the lesser effective DADA tautomeric form. In 
order to preserve the DDAA tautomeric form entirely, the dendron should be linked either 
to rI or r2 position of the UPy moiety via an aliphatic linker unit while the remaining site 
should also be substituted with aliphatic chains. 
Table 3-1. The effect of the nature of R' and R' on the tautomeric behavior of UPy. 
R1 R i 
I^N��h�n'R2 � N ' H " O 
0义人人。 o人人人n'R2 
1 : 1 : : : I I 
H i H I — - \ I H H 
! H j H H H ^ 1 
r 2 . n � h � � n V �“h 'n^^ 
R i R1 
DADA tautomer DDAA tautomer 
% DDAA tautomer 
entry r1 r2 in CDCI3 in toluene-da 
1 CH3 n-C4H9 > 99 insoluble 
2 A7-C13H27 n-C4H9 > 99 87 
3 CeHs A7-C4H9 87 42 
4 CeHs f-CdHg 50 44 
5 P-NO2-C6H4 n-Ci8H37 40 insoluble 
‘ 6 C6H2(OCI2H25)3 "-C4H9 8 7 57 
3.1.2 Selection of Dendrons 
Kaifer's findings were highly important to our design of the dendronized dimer (see 
Section 2.1.3).'^' The use of highly polar oligo(amide) dendrons led to (1) a lowering of the 
dimerization constant and (2) the undesired presence of the weaker DADA tautomer. In the 
literature, the well-studied oligo(benzyl ether) dendrons should be good candidates owing 
to their relatively nonpolar nature and their straightforward synthesis (Figure 3-2)/^ 
Furthermore, functional moieties can be used as the surface groups of the dendrons in 
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order to enhance the structural and functional versatility of the dendritic molecules,* 
Besides, the focal point of such dendrons can incorporate into the UPy unit using a benzyl 
amine moiety at the R^ position (vide infra). This focal benzylic moiety would help 
maintaining the DDAA tautomeric form since the aromatic rings of the dendron are 
isolated from the UPy unit by the methylene group. 
[ g i ] T / y y 
� 0 0 � 
A A v k 
o n RO OR 
x y [G3] Y 
[G2] J , � l R = Surface group 
Figure 3-2. Structures of [GIJ-[G3J oligofbenzyl ether) dendrons. 
3.1.3 Positioning of Dendrons and the Synthetic Feasibility 
The positioning of dendrons has to be considered in terms of the synthetic 
accessibility. Considering positioning the dendron at the R^  position, the synthesis would 
require the preparation of a dendritic jS-keto ester 12 followed by the condensation with 
guanidine carbonate to generate a dendritic isocytosine 13 (Scheme 3-1). The preparation 
of the dendritic jS-keto ester requires a yalkylation of the |3-keto ester dianion. This step is 
not trivial since the alkylation of a high generation dendritic electrophile might be 
problematic. 
0人 N 人 NH2 12 
13 
Scheme 3-1. The synthesis of isocytosine moiety with R 丨 as the dendron. 
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If the dendron is placed at R^ position, the commercially available 6-methyl-
isocytosine 14 can be used as the starting material. The urea moiety of the UPy can then be 
introduced using 1,1 '-carbonyldiimidazole (CDI) to afford imidazolide 15/5 This 
imidazolide can be coupled to a dendritic amine to give the desired compound (Scheme 
3-2). This approach is practically better than the earlier one since the 7-alkylation of the 
dianion can be avoided. 
Me ^ • 
人 N ^ N 人 N ) Me 
n ^ i I > x x x I > I^NH 
^ U o ^ ^ i y 15 14 
^ Me 
Scheme 3-2. A facile synthesis of UPy-based dendronized dimers. 
3.2 Synthesis of Dendronized Dimers 
Our target [G1]-[G3] dendronized dimers I 6 2 - I 8 2 would therefore be made up of 
oligo(benzyl ether) dendrons at the terminal amino group of the ureido moiety (Figure 3-3). 
To further improve their solubility, «-butyl group will be used as the surface groups. As 
shown "in Scheme 3-2，the target compounds are the [G1]-[G3] dendritic amines 19-21. 
These amines were prepared using a standard convergent, iterative procedure.^^ 
162. R = [G1] y Y y 
! i ? 0 BuO OBu [ A f A 
H T O ^ ^ ^ O BuO ^ OBu 
e K J I82, R = [G3] 
172, R = [G2] l y 
Figure 3-3. Structures of UPy-based dendronized dimers 16：-18：. 
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The [Gl]-amine 19 was prepared from commercially available methyl 
3,5-dihydroxybenzoate (Scheme 3-3). Using the Mitsunobu reaction, the two «-butyl 
groups were introduced as the surface moieties to afford [GI]-ester 22 in 93% yield. 
Subsequent reduction by lithium aluminum hydride (LAH) produced the corresponding 
[Gl]-alcohol 23 in 98% yield. By means of a Mitsunobu-type Gabriel synthesis, the 
hydroxyl group of compound 23 was transformed to a phthalimide moiety to afford 
compound 24 in 80% yield. Hydrazine was then used to remove the phthalimide moiety to 
give the target [Gl]-amine 19 in 98% yield. 
BuCk^ /^^ I^J^ OBu BuO^^^SJ^OBu 
1 J "-BUOH I J 1)LAH \ J 
DIAD, PhaP 丫 2) H2O, H+ 丫 
O人 OMe (二 O^OMe (鴨） O^H 
" 22 23 
H I / Y ^ BuCX^^^OBU 
V ^ X _ J BuO^^^OBu 
O , 丫 P H2NNH2 • I J 
DIAD, Ph3P EtOH/THF{1:1) J 
THF 1 reflux � n h 
(80%) O ^ H J (98%) 19 2 
24 
Scheme 3-3. Synthesis of the target [G1J-amine 19. 
Following a similar reaction sequence, [Gl]-alcohol 23 was coupled to methyl 
3,5-dihydroxybenzoate to provide the [G2]-ester 25 in 93% yield (Scheme 3-4). 
^ BUO OBU B U O O B U 
^ BUO^OBU Y A A A A 
~DIAD, PhaP一 O^^^s^O 2) H2O, H+ " 
.. 二 U (99%) X J 
O^OMe �0H 
25 26 
BuO OBu  
Q 人 人 BuO OBu 
H N ^ O B U � A A b u A A 
f H,NNH, I B U C / ^ r ^ O B u 
DIAD, Ph3P ‘ 1 J EtOm"HF(1:1) • O W 。 
THF 丫 p reflux I J 
(80%) (93%) 丫 
�NH2 
20 
27 — — J 
Scheme 3-4. Synthesis of the target [G2]-amine 20. 
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Compound 25 was then converted to the target [G2]-amine 20 in an overall 74% yield. 
The synthesis of compounds of the [G3] series was slightly modified in order to 
increase the reaction yields and to minimize the formation of difficult-to-separate side 
products (Scheme 3-5). Again, using the Mitsunobu coupling, [G2]-alcohol 26 was 
converted to the [G3]-ester 28 in 95% yield. Instead of using LAH, compound 28 was 
reduced to the corresponding alcohol 29 using diisobutylaluminum hydride (DIBAL-H). 
The transformation of the hydroxyl group of 29 to a phthalimide group using the 
Mitsunobu-type Gabriel synthesis was unsuccessful. Hence, the hydroxyl group of 
compound 29 was converted to the [G3]-bromide 30 using Ph3P/CBr4 in 93% yield. 
Subsequent substitution of the bromide functionality by sodium azide, followed by 
reduction with LAH, gave the target [G3]-amine 21 in overall 86% yield starting from 
compound 30. 
Y 
�G2�-a_l : : • [G3�-ester 二气 , 3 3 ] - a . c o h o l 
26 THF 28 (95%) 29 
(93%) 
� G 3 �一e _ d e 
^ (93%) 30 (95%) 31 
- •‘ 
. Y y 
. 1 講 A 人 
2) H2O, H+ I 1 
(91%) (^^^^O^YVOBu 
^ o y ^ o 
BuO ^ ^ OBu 
NH2 
21 
Scheme 3-5. Synthesis of the target [G 3]-amine 21. 
The UPy part of the dendrons was introduced following literature methods as 
described previously."^^ Hence, the required imidazolide 15 was prepared from the reaction 
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of 6-methylisocytosine 14 and GDI quantitatively. Couplings of dendritic amines 19-21 to 
imidazolide 15 furnished the [G1]-[G3] dendronized dimers I 6 2 - I 8 2 , respectively in 
91-99% yields and in gram quantities (Scheme 3-6). 
Me 
, , Me 。人 M人 M 人 
Me j 0 N N N 
^ M H C D I . T H F • r ^ N H O R-NH2 I I H H 
J I ( 1 0 0 % ) A A A ^ CHCI3 H H ! I 
\ ‘ 0 N N N ^ k , cn fin t I I 三 = O N NH, H U ^ N 50-60^ C r �N 丫N O 
14 15 o ' H ' N ? 162,R = [G1] 
Me 172’ R = [G2] 
I82, R = [G3] 
Scheme 3-6. Synthesis of dendronized dimers 16 厂 I82. 
3.3 Characterizations of the Intermediates and Target Dimers 
The structural identities and the purities of all the intermediates and target dimers 
were fully characterized by 'H, '^ C nuclear magnetic resonance (NMR) spectroscopies, 
high-resolution mass spectrometry (HRMS), and gel permeation chromatography (GPC). 
The formations of dimeric compounds I 6 2 - I 8 2 were also verified by HRMS, vapor 
pressure osmometry (VPO) and infrared (IR) spectroscopy. New compounds were further 
‘ characterized by elemental analysis and gave results within 0.3% for C, H, and N. 
SJ.l 'H NMR Spectroscopy 
Due to the high symmetry of the dendritic compounds, their 'H NMR signals were 
very easy to assign. In general, the chemical shifts of the 'H signals were at three distinct 
regions (Figure 3-4). (a) The protons on the surface "-butyl groups (except C//2O) were at 
upfield region (blue region: S 2.0-0.9). (b) The C//2O part of the «-butyl group resonated at 
a lower field that was close to the benzylic proton signals {i.e. the red region), (c) The 
aromatic protons were at downfield region (green region: <5 7.3-6.0). 
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H � H 
H H - CVcH 2 — C o r e [G1]: n = 1 
[G2] :n = 2 
^ - ^ L � n [G3]: n = 3 
I I ‘ I I • I • I I I I • I “ I I I I • I • I ！ … … I I I … 》 I I • • U I … I • … I ' ' I ' ' ' ' ' 
8 7 6 5 4 3 2 1 0 ppm 
Figure 3-4. Proton chemical shift ranges for oligo(benzyl ether) dendrons. 
The surface «-butyl groups showed a set of characteristic signals (a triplet for C//3 
at S 1.0-0.9; a sextet for CH3C//2 at S 1.5-1.3; a quintet for OCH2C//2 at S 1.8—1.6; a 
triplet for OCH2 at S 4.0—3.9). This set of signals was distinctive and the chemical shifts of 
the surface group proton signals were almost unaffected by the nature of the focal point 
functionality. As expected, the chemical shifts of methylene protons at the focal point 
varied according to the nature of the focal point functionality (Table 3-2). 
Table 3-2. 'H chemical shifts (in ppm) of the focal point benzylic protons of different focal point functional 
groups and generations. 
Generation 
CHz-Focal Point [G1] [G2] [G3] 
CH2OH 4 . 6 1 4 . 6 3 4 . 6 2 
CHzNPhth 4 .73 4 .78 -
. . C H z B r - - 4 .43 
. CH2N3 - - 4 .28 
CH2NH2 3 .77 3.81 3 .83 
V- , 
Solvent: CDCI3； Temperature: 25 °C. 
The methyl ester derivatives (22，25，and 28) also showed an almost 
generation-independent chemical shift for the methyl ester protons ([Gl]: 6 3.89; [G2]: S 
3.90; [G3]: 6 3.92). The branching unit of the dendrons was a 3,5-dialkoxybenzylic moiety 
and the aromatic signals from this unit originated from the different layers overlapped to a 
certain extent but the characteristic set of doublet and triplet signals for each dendritic layer 
can still be identified in most cases. When proceeding from the [Gl] to the [G3] series, the 
ratio of the integrations of «-butyl protons to that of CHi-Cort increased sharply, 
- 3 2 -
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characterizing the exponential dendritic growth of the surface groups. 
The chemical shifts of hydroxyl protons of dendritic alcohols (23, 26, and 29) were 
located at upfield region 1.5-2.0) but the exact position was concentration-dependent. 
The chemical shifts of the amino protons of the dendritic amines (19-21) generally 
overlapped with one of the CH2 signals of the «-butyl groups at S 1.5. Therefore, the 
measured relative integration of that CH2 signals was always two units larger. The 
phthalimide protons of compounds 24 and 27 gave a set of characteristic multiplets 
7.82-7.61) and these multiplets were located at lower field than those of the aromatic 
protons of the branchers. 
The imidazolide 15，however, showed a highly complicated ^H NMR spectrum due 
to the slow tautomerism and slow rotation of the restricted amide bond in NMR time scale 
(Figure 3-5). Nonetheless, measured ratios of integration of the respective signals were 
consistent with the proposed structure. 
CH3 
f^ NH 0 tautomers DMSO 
人 人 人 1 ^ ― ^ and \ 
�N [j • rotamers \ 
15 \ 
CH 
“ 3 aromatic protons � 
' and 1 vinylic protons 
2NH 广 人 、 
. ‘ I 
1 i I 
!i 11 
— J I L ^ ^ L L j u u L JL Hi  
k 乂 ‘ � . J � ； 
\ / 、. , 一 一^一 、 > 
V-M � o 
« o V o fl? o S <\i r\i 
[iiiiiinniiMiiiii|iiitiiiiMiiiiMiii|iinniiiniiiiNii|iiHiiMiiiiMiMii|iMiiiiiiiiiiiiiiii|iiiiiMittMiiiii     
PDfn 1L> 11 10 9 0 � 6 4 3 2 1 0 
Figure i -5. ^HNMR spectrum (300 MHz) of imidazolide 15 in DMSO-de at 25�C 
Similar to their dendritic precursors，dendronized dimers I62-I82 showed relatively 
simple NMR spectra (Figure 3-6). Unlike imidazolide 15，the spectra suggested the 
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as the molecular weight increases. Thus, there is a window in which the NOE signal 
vanishes. Beyond this window, a positive NOE signal appears. 
It happened that in experiments conducted in a 500 MHz spectrometer, the 
molecular weight of [G3]-dimer I82 (2944 g/mol) lies within the aforementioned window 
and hence the NOE signals were too weak to be observed. ROESY, by definition, must 
give positive NOE signal for molecules of any molecular weight. Therefore, ROESY 
experiment was done on the [G3]-dimer while NOESY experiments were conducted on the 
[Gl]- and [G2]-dimers. The ROESY spectra of [G3]-dimer I82 showed a set of cross 
signals which suggested the DDAA binding array (Figure 3-7). One cross peak between Ha 
and the methyl protons of the UPy unit (red-dotted line) and another between Hb and He 
(blue-dotted line) were observed. In a DADA dimer, there will not be any NOE cross peak 
between hydrogen-bonded NH signals (Figure 3-8). If the NH protons, in the DADA form, 
Ha Hb He 
ppm - , � ) ‘ 人 
1— . , ！ 
UP 广 i \ 
» f O 3 - i 
^ N ' % — 4 - ； 
‘ 人 人 人 _ , i • 
三 三 I I 5 - I i i b^ He I 
H H M l 6- « ； 
. R �N 丫 Y : i 
� v y - ； 
Me 8 - I 
I82, R = IG3] 9- ; 
(500 MHz; ROESY) ； 
10- ‘ 
He-If� ^ 今 -
Hb 12� 令. • 
H a 1 3 -
14 1 ' • • • I • • • ' I • • • ' I • • • • I • • • • I • • • • I • • • • I • • • • 
1 4 . 0 1 3 . 5 1 3 . 0 1 2 . 5 1 2 . 0 1 1 . 5 1 1 . 0 1 0 . 5 ppm 
Figure 3-7. Expanded ROESY spectrum (500 MHz) of [G 3J-dimer 18. in CDCh at 25 °C. 
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Me) Me"^  
0人N人N人N'R 0人N夂N人。 Y � I I I � I = 
\ \ lb He ^ I 
H H r^E E ^ = H 
�“H'N? FrN�H�N? 
Me Me 
Figure 3-8. The change in internuclear distance due to DDAA/DADA tautomerism. 
Ha Hb He 
(a) . 
PPm A . ‘ 人 
UP，CH3^^_^^_2 : � 4 -
/ C i Me^ _ • 
^ N ' % - 丨 。 
0人人人n 'R . 5 i 
； � I I 6 -� � Hj, Hj. , <B H H K^i 1- ； 
R �r l i 丫〜6 8: ： 
o"h'N? 9- i 
Me 1�- i 想 
162，R = [G1] He -n— ® f 
(300 MHz; NOESY) u - ^^  4 � 
Ha 13- f 
o* 
14 1 • • • • I • • • ' t • • • • I • • • • I • • • • I • • • • 1 • • • • I • • • • 
1 4 . 0 1 3 . 5 1 3 . 0 1 2 . 5 1 2 . 0 1 1 . 5 U . O 1 0 . 5 ppm 
(b) Ha Hb He 
« A 
ppm j y A 八 
1 i ‘ 
i ‘ 1 
I _ 1 _ 4 - ‘ - • 
^ UPy-CH3- - i - f -
/ I 3� i .. Me"^  ~~ 4 - ； 
I ^ N ' % — 5 - 丨 -
0 人人人 n ' R • 6- i 
• E l l I 
= [ J 7 - ； • H H I 
f T ^ V V V ^ 8- I 
� “H ' V \ 
Me 1�- • 
172.R = [G2] I^C - - • 
(500 MHz; NOESY) ‘ • ‘ 
Ha 13- — 
14 1 • • • • I • • • • I • • ' • I • • • • t • • ' • I • ' • ' I • • • • I ' ' •‘ 
1 4 . 0 1 3 . 5 1 3 . 0 1 2 . 5 1 2 . 0 1 1 . 5 1 1 . 0 1 0 . 5 p p m 
Figure 3-9. Expended NOESY spectra of (a) [Gl]-dimer 16. and (b) [G2]-dimer 17•’ in CDCU at 25 ^C 
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are still labeled as Hb and He for the ureido moiety as in the DDAA dimer, the phenolic 
protons will be labeled as Ha. An NOE cross peak will be expected between the CH3 signal 
and the intramolecular hydrogen-bonded He. However, there will be no NOE cross peak 
between Ha and Hb due to the increased internuclear distance when compared to that in the 
DDAA tautomeric form. Similar cross peaks were also found, in the NOESY spectra, for 
the [Gl]- and [G2]-dimers (Figure 3-9). 
The ^H NMR spectral features of [G3]-dimer I82 in different solvent systems were 
recorded to illustrate the strong preference on the DDAA tautomeric form in various 
organic solvents (Figure 3-10). Even in polar solvents, e.g. THF-flfg and acetone-<4，the 
I i , signals from DADA tautomer 
Q J L—_ J L ———Q — Toluene-ds 一 Jj 
I； I , I 
丨  i i 1 
_ j\ 11 ！\ CD_Cl3 —； 
… — — — T 一 ― 丨 一 丨 — — 「 一 一 - — — — — — — — … — 
i! ； I 
!1 n 
j[ l[ J 1 CD2Cl2— 
— — I — . . . . — . — — 二 — — — — . — — 一 ― 一 — 
, _ ] __ /v __ __ __THF-c/8 j  
‘ — … 一 … ！ — 一 “ … ― — 一 一 — — - 一 — — 一 一 
A A H ！ 1 ！： 
.. Jl J[ J [ • acetone-_c/6 一’ 
fi I T'""“I I I ~ I I I — I ~ I 7 I I [ I I ~ I ~ r — n ~ I r — i ~ p i " “ t — i r — i " “ r — i ~ i i ~ | — i T-t—厂—T-'T — � - i _ " r ~ r - - T _ r - " i - T - -厂丁厂「 i r-i—i 
pum 13 ； 2 11 10 3 0 
Figure 3-10. Downfield region of'H NMR spectra of [G3]-dimer I82 in various organic solvents at 25 °C. 
UPy unit still dimerized via the DDAA binding array. Interestingly, there was small 
amount (�7o/o) of DADA tautomer present (signals at S 10.4 and 13.9) in toluene-^/g- This 
behavior in toluene-^/g had also been reported by Kaifer et al. for their oligo(amide) 
UPy-based dimers. Based on theoretical calculations, they found that the DADA monomer 
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had a smaller dipole moment than the DDAA monomer.'^' Thus, in nonpolar solvent, there 
was a shift of equilibrium from the more polar DDAA monomer to the less polar DADA 
monomer and hence the amount of DADA dimer increased accordingly. 
As expected, in highly polar DMSO-^4, all dendronized dimers dissociated to the 
6[1//]-pyrimidinone monomeric form (Figure 3-11). This finding was in full agreement 
with the literature. The most downfield NH signal {S > 10) was assigned to the 
hydrogen-bonded proton in this tautomeric form. The two remaining NH signals resonated 
at higher field indicating the two amino protons were not hydrogen-boned. Unlike the case 
in CDCI3, no coupling to the benzylic protons was observed for He therefore the 
assignment of these two NH signals were difficult. Normally, the more acidic proton will 
have a higher resonance frequency.Hb should be more acidic than He since it is bonded 
to two electron-withdrawing groups, C=N and C=0. Based on this acidity argument, it was 
reasonable to assume that the NH signal at S 8.9 was due to the terminal amino proton. He, 
of the ureido moiety while the remaining NH signal should be due to Hb. 
14’’R = [G1] 
成 M+N 儿 N'R 15’’R = [G2] 
Me 2 N N 
3 Hb He 16’’R = [G3] 
6-[1H]-pyr imidinone 丨“ 
I li 
, “ R = [G1] Ha Hb He i 1! 
___ - . s 、 、 、 一 _ 々 ' ， _ _ _ _ _ J I 
— — — — — — — — . . . — 一 — 一 — 1 � � 
R = [G2] 入 入 入 J L K 
. I HI ！ 
R = [G3] . h : !； 
. . . - • . . • * ‘ “ •« --
I I I 厂 厂 广 厂 1 i : T I I I ' I I I I 1-1 I ' l l I ‘ 1 I I I — -]—r r-TT • l l l [ • • T • i-r- f—i -i i T j i T f 'T T-1 1 [ I I i I 1 I 1 I ; I I i I 
ppr， ！? ！；丨 11 I', y h h 
Figure 3-11. Downfield region of'H NMR spectra (300 MHz) of 16 -18 ’ in DMSO-d, at 25�C. 
3.3.2 ^^C NMR Spectroscopy 
Generally, NMR signals that arose from small structural defects in dendritic 
compounds cannot be identified by NMR spectroscopy. Nonetheless, such defects may 
become observable in '^C NMR due to a large spectral width of the '^C nuclei. Moreover， 
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'^ C NMR spectroscopy was also used to assess the tautomeric behavior of UPy unit by 
Hailes et "“口 
The four '^C signals due to the surface «-butyl groups were distinctive and almost 
unaffected by the nature of the focal point and the dendron generation (Figure 3-12). 
� 6 8 S~-^9 
\ / 
• ! \ 
(5 -31 3 � 1 4 
Figure 3-12, '^C chemical shift values of the surface n-hutyl groups. 
On the other hand, the four '^ C signals of the focal point aromatic ring were slightly varied 
according to the nature of the focal point functionality but were unaffected by the dendron 
generation (Figure 3-13): 
1 C-1: 99-107 
C-2: S 160-161 
C-3:<) 105-108 
Foca, Point ^-4： ^ 1 3 2 - 1 4 6 
Figure 3-13. '^C chemical shift ranges for the focal point aromatic carbon signals. 
The chemical shifts of the other aromatic brancher carbon signals were almost unaffected 
‘ by the focal point functionality. Although the integration in 'H-decoupled '^ C NMR is 
‘ generally unreliable, the sharp differences in peak heights of '^ C signals from different 
” layers allowed the complete assignment of these '^ C signals in most cases unless they were 
highly overlapped. 
In general, the '^C signals from the focal point moiety were not affected by the 
generation as in 'H NMR. Thus, the carbonyl and the methyl signals of the methyl ester 
group of esters 22, 25, and 28 showed generation-independent chemical shifts appeared at 
S 167 and S 52.3, respectively. The innermost benzylic carbon of dendritic alcohols of 
different generations (23, 26, and 29) exhibited '^ C signals at around S 65.0-65.5. While 
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those of dendritic amines 19-21 were upfield shifted but still unaffected by generation {S 
46.7). Similarly, the chemical shifts of four '^ C signals arose from the phthalimide unit 
were almost the same for compounds 24 and 27 (Table 3-3). 
Table 3-3. '^C chemical shifts (in ppm) of the phthalimide unit of compounds 24 and 27. 
� V o 
n A 2 3 
Chemica l shifts 
Generat ion C - 1 C - 2 C - 3 C - 4 
[G1] 167 .9 132.1 123 .2 133 .9 
[G2] 168 .1 132 .2 123 .5 134.1 
Solvent: CDCI3； Temperature: 2 5 � C . 
The '^C NMR signals of imidazolide 15 were even more complicated than those in 
the NMR spectrum since there were more carbon than proton signals (Figure 3-14). The 
only aliphatic CH3 carbon was found to have more than six carbon signals, illustrating the 
highly complicated tautomerism in compound 15. 
CH3 
f^NH a tautomers 
“0丄N人N人N�N rn^Tlr. ^MSO 
‘ H rotamers \ 
’ � \ 
I j 








I I ' ' ' ' ' ' ' ' ' 1 I I - I 1 I n �I • I • I … ' ’ ' … I • _ I ! ••卜 I H • I 
n n m ‘ IHO I t义 . . 1 ; ; 0 •：••' 一 ( ； . 
Figure 3-14. NMR spectrum (300 MHz) of imidazolide 15 in DMSO-d^ at 25 ^C 
- 4 0 — 
Chapter 3 - Design, Synthesis, and Structural Characterization of Dendronized Dimers 
The '^ C NMR spectra of dimers I62-I82 were much simplified when compared to 
that of compound 15 (Figure 3-15). The peaks at d�173 and S 106 could be assigned to C-4 
and C-5, respectively. However, complete assignment of the remaining carbon signals (i.e. 
C-2, C-6, and C-7) was only possible by using heteronuclear chemical shift correlation 
(HETCOR) spectroscopy. Nevertheless, the well-resolved and simple carbon signals of the 
UPy unit illustrated that only one tautomeric form existed in CDCI3 solution. 
CHj 丨 
U P y -严 I , 
! f fT 
0 " H V \ I \ 
CH3 X A c-4 c-5 J 
C-2 ,6 ’ and 7 \ i ^ ^ 
V ! ‘ 
• I ! 
: I 
i ； 




R = [G2] I I ; , I i 
LI J r o L 丄 ‘•_—J.  
！ 丨 ： 丨 ； I ： I 
- I 
I i i 
i i 
� R = [ G 3 �. i | I , j I , I 
L U 丄一U Jww 一«^^^^^ L LJ   
： 1 . ： j . . . T - . I . . t I . 1 . I . 1 I I I I 1 . I 1 . . r • • ; I I . . I I ‘ • • ‘ ‘ • 11 ‘ I 
• . ； ; l l ' i O 1':'') ！时 1P0 ‘ h C '-J ( 
Figure 3-15, Stacked NMR spectra (300 MHz) of dimers I62-I82 in CDCh at 25 °C 
J. 3.3 Mass Spectrometry 
All the dendritic compounds were characterized by both low-resolution and 
high-resolution mass spectrometries. For high-resolution mass spectrometry (HRMS), all 
compounds gave results accurate within 5 ppm of the theoretical molecular weight. Using a 
soft ionization technique, such as MALDI-TOF and electrospray ionization (ESI), the 
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formation of associated aggregates may be detected by using HRMS (Table 
Indeed, all dendronized dimers showed the corresponding [2M + H]+ peaks in their ESI 
mass spectra (Figure 3-16). 
Table 3-4. Measured molecular weights of dendronized dimers 162-lfh by HRMS-ESI. 
HRMS-ESI [2M + H f 
Dimers Theoretical Measured Relative abundance 
I62 805.4607 805.4606 25% 
172 1517.8582 1517.8585 20% 
I82 2942.6532 2942.6473 5% 
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Figure 3-16. ESI mass spectrum of [G3]-dimer 18 7. 
The observation of [2M + H]+ peaks suggested the formation of dimers in this 
dendritic series. It should be noted that the decrease in the relative intensity with increasing 
generation does not reflect the relative stability of the dimers, especially in condensed 
phase. Further evidence for the formation of dimers in solution state was provided by 
vapor pressure osmometry (VPO) in Section 3.3.4. 
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3.3.4 Vapor Pressure Osmometry 
VPO technique, as a means of determining the number-average molecular weight 
{Mn) of polymeric compounds, has been widely used to study the supramolecular 
association in solution. '^Hence, compounds I62-I82 were subjected to VPO analysis 
and the dimeric nature of I 6 2 - I 8 2 in the solution state was further substantiated (Table 3-5). 
The measured values were in close agreement with the molecular weights of proposed 
dimeric structures. 
Table 3-5. Measured molecular weights of dendronized dimers 16 厂 I82 by VPO. 
Molecular weight (g/mol) 
D imers Theoret ical M e a s u r e d 
I 6 2 8 0 5 7 6 0 (±50) 
172 1518 1 5 3 0 (±80) 
I 8 2 2 9 4 4 2 9 8 0 (±140) 
Solvent: CHCI3； Temperature: 3 0 . 0 � C . 
3.3.5 Infrared Spectroscopy 
Fourier transform-Infrared (FTIR) spectroscopy was also an invaluable technique 
to detect the dimer formation in the solid state. In the solid state, all molecules are closely 
» 
packed. Therefore, it is necessary to investigate whether the dimeric form is still preserved 
« 
in the solid state. Using FTIR spectroscopy, the 4[1//] DDAA tautomer was detected for all 
three generations. Using dendronized dimer I82 as an example (Figure 3-17), the FTIR 
spectrum showed a typical peak pattern (1695, 1658, 1589, and 1523 cm—】）for the 
presence of the 4[ 1 //]-pyrimidinone tautomeric form. In addition, the absences of 
absorptions at 2500 cm"' (0-H • • • 0=C bonding) and 3200-3260 cm~' (intramolecular 
N-H • • • N) indicated no DADA dimers were present (see Figure 3-8)." Based on this 
finding, we believed that the DDAA 4 [ 1 //] -pyrimidinone dimers were formed exclusively 
for all three generations in the solid state. 
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Figure 3-17. FTIR spectrum of [G3]-dimer I82 in the solid state. 
3.3,6 Gel Permeation Chromatography 
Gel permeation chromatography (GPC), also known as size exclusion 
chromatography, has been widely used to determine the structural purities of dendritic 
compounds.54 The polydispersities of the dendronized dimers I 6 2 - I 8 2 and their precursors, 
except the dendritic amines 19-21 due to their low stabilities, were therefore determined 
by this technique. All these compounds were detected by an UV absorbance detector and 
gave narrow peaks in their chromatograms (Table 3-6). The values of Mw and M„ were 
calculated from the retention time and a calibration curve using polystyrene samples as 
« 
standards. Due to the difference of hydrodynamic radius of dendritic compounds and 
polystyrene, discrepancies between the experimental and the theoretical molecular weights 
are expected. Nevertheless, the PDI, which chiefly depends on the peak shape, could 
provide information on the structural purity. For all the tabulated compounds, they showed 
a narrow polydispersity (PDI < 1.02) and could be considered as essentially monodisperse. 
In addition, a linear relationship can be established between the retention time and 
the logarithm of the theoretical molecular weight of the dendrons (Figure 3-18). This 
relationship suggested that there was an exponential dependence of the hydrodynamic 
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Table 3-6. Measured molecular weights of dimers I62-I82 and dendritic compounds 22-31 by GPC. 
Molecular weights 
Compounds Theoretical (g/mol) Mw Mn PDI 
[G1]-UPy (16) 402 620 610 1.02 
[G2]-UPy (17) 759 1200 1180 1.02 
[G3]-UPy (18) 1472 2180 2150 1.01 
[G1]-ester (22) 280 360 360 1.00 
[G1]-alcohol (23) 252 420 420 1.00 
[G1]-phthalimide (24) 381 470 460 1.02 
[G2]-ester (25) 637 980 970 1.01 
[G2]-alcohol (26) 609 1020 1020 1.00 
[G2]-phthalimide (27) 738 1070 1060 1.01 
[G3]-ester (28) 1350 2110 2100 1.01 
[G3]-alcohol (29) 1322 2150 2130 1.01 
[G3]-bromide (30) 1385 2070 2050 1.01 
[G3]-azide (31) 1347 2070 2050 1.01 
Solvent: THF; Column temperature: 40 °C; Flow rate: 1 mL/min. 
radius, which was reflected by molecular weight, on the retention time. Dendrons of the 
same generation would therefore give similar retention time and were clustered within the 
same region. Passing from the [Gl] series to the [G3] series, the data became much less 
scattered. This was because the hydrodynamic volume of the focal point was becoming 
less important in influencing the overall hydrodynamic volume of the dendron. In other 
t 
‘ 3.2 - [g3] dendrons 
. 3.0 -
^ • • [G2] dendrons 
I 2.8- > 
o [G1] dendrons 
“ 2 . 6 - • [G1]-UPy16 • 鲁 
• [G2]-UPy 17 參 
2.4 • [G3]-UPy 18 • 
2.2 4- 1 1 1 1 1 1  
32 33 34 35 36 37 38 39 
Retention time (min) 
Figure 3-18. A plot of GPC retention time versus log(MW) of the [G1]-[G3] dendritic compounds. 
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words, this implied that the [G3] dendron could mask the focal point moiety effectively 
and thus gave similar retention time. 
It was noticed that the retention time for compound 16 was somewhat shorter when 
compared to its precursors. This was because the hydrodynamic volume of the UPy group 
was larger than that of the other focal points and the measured molecular weights of 16—18 
were close to those of the precursors. Notably, the retention times of dendritic 
ureidopyrimidinones 16-18 were not significantly shorter than their precursors of the same 
generation suggesting that compound 16-18 did not dimerize at all under the experimental 
GPC conditions (i.e. in THF at 40 °C with a flow rate of 1 mL/min).^^ It should be also 
noted that the THF solvent was not completely dried and there was definitely a small 
amount of moisture present. 
3.4 Conclusions 
Dendronized UPy dimers I62-I82 were prepared in high yields and purities and, 
together with their precursors, fully characterized by 'H and '^C NMR, MS, VPO, IR，and 
GPC techniques. Based on results from HRMS and VPO analyses, the presences of 
dimeric species of 16-18 were verified. In the next chapter, the determination of the 
, dimerization constants of these dimers will be presented. 
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4.1 Overview of the Self-Assembling Process in UPy System 
Before the determination of dimerization constants, a prior understanding of the 
self-assembling process of the ureidopyrimidinone (UPy) moiety is essential to the study of 
the dimerization experiments. Tautomerism is a widespread phenomenon in many 
heterocyclic systems. From Chapter 3, we saw that UPy can have three tautomeric forms 
(6[ 1 //]-pyrimidinone, pyrimidin-4-ol, and 4[ 1 //]-pyrimidinone) depending on the sub-
stituents and the conditions. More-than-one equilibria are therefore involved in the 
self-assembly of the UPy moiety (Figure 4-1). 
Ri 
？1 n人M人M义 
i H U O N N N 
( A n 人 N 人 — M M 
Z H H 2 N h N ^ . 0 
^taut^^4[1H]-pyrimidinone ^ X , X J 
Q (DDAA monomer) “ ^ 
DDAA dimer 
„ 人 N人 N 人 
H H 
, 6[1H]-pyrimidinone x ^ t a u t |j^N��H�N 'R2 
m o n o m e r RI O N ^ N ^ Q 
� \ r^N��H�N'R2 K'dim ‘ til 丨 i 
J! J [ — E H E H 
. HO 人,人；^  人O V V V ' 
pyrimiclin-4-ol r2.n�h��N"Y^ 
(DADA monomer) Ri 
DADA dimer 
Figure 4-1. Tautomerisms and dimeriiations in an UPy system. 
Among the three, the 6[l//]-pyrimidinone tautomer is suggested to be the most 
stable one.56 This is supported by the fact that 6[ 1 //]-pyrimidinone is the only tautomer 
present in DMSO-ti�]? Indeed, our dendritic pyrimidinones were also found to exist only 
in the 6[ 1 //]-pyrimidinone tautomeric form in the same solvent (see Section 3.3.1). 
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Figure 4-2, Tautomerism and dimerization in an UPy system when R 丨 is an alky I group. 
Moreover, the formation of DADA tautomer can be completely suppressed when R' is an 
alkyl group {e.g. CHs).^ ^ Therefore, the self-assembling process can be reduced into a 
three-component system (Figure 4-2). The self-assembling process just involves the 
tautomerization of the 6[\H] form to the 4[\H] form {i.e. DDAA monomer) and its 
dimerization to the DDAA dimer. This not only simplifies the experimental study of the 
self-assembly process but also leads to a stronger dimerization behavior due to the absence 
of the competitive dimerization of the weaker DADA tautomer (see Section 2.1.4). Since 
the 6[\H] monomer is more stable than the DDAA monomer {i.e. A^ u^t « 1) and the 
« 
DDAA monomer is strongly dimerizing (i.e. / C d i m � � 1 ) , there will only be a minute 
amount of this DDAA monomer present in the self-assembling system. This hampered the 
direct measurement of its dimerization 
constant (/^ dim) as well as the tautomerization 
constant (A t^aut). In fact, the complex dimerization constant K^ im* (hereafter called 
dimerization constant) of the equilibrium between the 6[\H] monomer and the DDAA 
dimer can be practically measured by both NMR^^^ and fluorescence spectroscopies.^^^ 
Moreover, A^dim* is physically more meaningful than K^im since the 6[\H\ tautomer is the 
chief monomeric species that exists in the system. In this thesis, the measurements were 
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focused on the equilibria between the dendritic 6[1//] monomers and dendritic DDAA 
dimers {i.e. A^ dim*) rather than those between dendritic DDAA monomers and dendritic 
DDAA dimers (Figure 4-3). 
M e 
X H , K 0 人 N人 N 人 N ' R 
J| f V . �m * 
M e 入 N人 N 人 N ' R H H i i 
H H r ^ N N N ^ O 
16' ,R = [G1] 6[1H]-pyrimidinone § 162,R = [G1] 
17', R = [G2] monomer 'h y 172, R = [G2] 
18’，R = [G3] D D A A dimer 182’R = [G3] 
Figure 4-3. Equilibrium between 6[ IHJ-pyrim idinone monomers (I6'-I8') and DDAA dimers (161-! 8 2). 
4.2 Determination of the Dimerization Constants (Kdim*) 
Binding constants are commonly measured by NMR, UV/vis, or fluorescence 
spectroscopy.57 In general, binding constants in the range of lO'-lO^^ M"' can be measured 
accurately with NMR spectroscopy. ^ ^ Above lO^ ) M"', NMR measurement becomes 
impractical. On the other hand, UV/vis and fluorescence spectroscopies can measure 
binding constants that exceed 10^  M"'. They have also a lower detection limit (< 10^ M) 
and higher sensitivity but require the presence of a suitable chromophore or fluorophore in 
« 
, the molecule for measurement. It should be noted that results obtained by these methods 
can be adversely affected by the presence of slight impurities especially in fluorescence 
. spectroscopy. Thus, reliable dimerization constants can only be obtained by NMR 
spectroscopy. 
In 'H NMR spectroscopy, a slow exchange dimerization process will show separate 
signals for the monomer and dimer. Thus, the dimerization constant can be obtained by 
integration of the relevant signals. For a fast exchange dimerization process, the chemical 
shift of a particular signal is a weight-average between the chemical shifts of the monomer 
and the dimer. An NMR titration experiment will be required to obtain the dimerization 
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CO 
constant using a curve-fitting method. Although the NMR technique has a window 
constraint between lO'-lO^ M~', it can still be used to determine the lower-limit of the 
dimerization constant by dilution study. 
4.2.1 Dimerization Constants in CDC 13 at 25 °C 
UPy systems were found to possess high dimerization constants (K<nm > 10^  M"' in 
CDCI3 at 25 °C) using fluorescence spectroscopy. Due to the lacking of appropriate 
fluorophore in dimers I 6 2 - I 8 2 , this method cannot be used to determine the dimerization 
constants of these compounds. From the 'H NMR spectra of dimers I62-I82, their NH 
signals were relatively sharp and well defined in CDCI3 (see Section 3.3.1). This implied 
that dendronized dimers I62-I82 exhibited a relative strong dimerization behavior. In order 
to determine the dimerization constants of these dimers, the concentration-dependent 
chemical shifts of those hydrogen-bonded NH signals were investigated. Using our routine 
(300 MHz) NMR spectrometer, there was no observable chemical shift difference in those 
NH signals with concentrations down to mM level. Therefore we carried out the 
concentration-dependent NMR studies on a high-field machine (600 MHz) which would 
provide a much higher resolution and sensitivity. Using this spectrometer, relatively high 
« 
‘ signal-to-noise ratio can still be obtained with concentration down to 10 /^ M for dimers 
V I62-I82 (Figure 4-4). The concentrations stated were referred to the initial monomer 
concentrations. Therefore the concentrations of these dimers were even lower. In these 
concentrations, no new signals arisen from other tautomers or shifting of existing signals 
due to dissociation of dimers were observed. The NH chemical shift values of dimers 
I62-I82 were tabulated in Table 4-1. 
The chemical shift differences of these NH signals were extremely small {M < 0.01 
ppm) and hence the determination of dimerization constants by a curve-fitting method was 
inipossible.58 Nonetheless, the lower-limit of the dimerization constants (A^ dim*) for these 
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Figure 4-4. Stacked 'H NMR spectra (600 MHz) of hydrogen bonding region of diluted samples (1.0 mM-10 
liM) of dendronized dimers I62-I82 in CDCI3 at 25�C. (The peaks marked with asterisks were instrumental 
* artifacts; baseline curvatures were resulted from the strong residual CHCI3 signals; all spectra recorded at 
10 fiM were performed with solvent suppression technique.) 
V 
Table 4-1. Chemical shift values (600 MHz) of Ha, Hh, and He of I62-I82 under different concentrations in 
‘ CDCh at 25�C. 
I 6 2 . R = [ G 1 ] 1 7 2 . R = [ G 2 ] I 8 2 . R = [ G 3 ] 
Concentrations ^(Ha) S { H ^ ) 浏 H。）浏 Ha) (5(Hb) ^ ( H c ) 次 H a ) 浏 H b ) 浏 He)  
1.0 mM 13.016 12.015 10.792 12.998 12.027 10.830 12.943 12.000 10.835 
100 /yM 13.020 12.019 10.795 12.998 12.027 10.830 12.944 12.000 10.834 
50 ^jM 13.016 12.014 10.790 12.999 12.026 10.829 12.943 11.998 10.832 
25/vM 13.019 12.018 10.794 12.998 12.026 10.829 12.945 12.000 10.834 
10/yM 13.019 12.013 10.791 12.997 12.026 10.829 12.945 12.000 10.834 
Solvent: CDCI3； Temperature: 25 °C. 
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dimers could be estimated in this dilution study. ^^ Conservatively, by assuming the dimer 
formations of these dimers were over 95% {i.e. 2[dim] > 0.95[mono]o) at the lowest 
concentration studied (i.e. [mono]o = 10 the value of A^ dim* can be calculated as 
follows: 
[dim] > 0.95 ^  ⑴ ^  M = 4.75 x 10"^ M (5-1) 
[mono]o = 2 [dim] + [mono] (5-2) 
Thus, substituting Equation 5-1 to 5-2 yields: 
[mono] < 5 X 10-7 M 
The lower-limit of A^ dim* is therefore: 
r [dim] 4.75x10-6 。 ， 山 厂 1 
[monof (5 x 10—7)2 
This finding strongly suggested that dendronized dimers I62-I82 possessed high 
dimerization constants similar to those of the nondendronized analogs (A^ dim* > 10^  M~' in 
CDCI3 at 25 °C). This indicated that the steric size of our dendrons was not important as 
the dimerization processes were not impeded and the microenvironment imposed by the 
dendron was nonpolar enough to preserve the D D A A dimeric states without any detectable 
• amount of D A D A dimer formation. 
Generally, tautomerism depends solely on the polarity of the medium and not on 
the steric size.^ ^ It was therefore reasonable to assume that the tautomeric equilibria were 
not perturbed by the steric effect from dendrons. Our dimers showed an entire preference 
on the D D A A dimeric form which was in marked contrast to Kaifer's findings (see Section 
2.1.4).4i This indicated that the microenvironment of our oligo(benzyl ether) dendrons was 
significantly different from that of the oligo(amide) dendrons. With this relatively nonpolar 
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microenvironment, dimers I62-I82 established a complete displacement of the equilibria to 
the D D A A dimeric forms. 
4.2.2 Dimerization Constants in 10% (v/v) DMSO-ds/CDCh at 25 °C 
The steric issue could not be addressed through the previous experiments since the 
strong dimerization behavior prevented us from investigating the relative dimerizing 
strengths of I62-I82. However, deliberate weakening of the dimeric states might allow the 
investigation on the steric effect from different dendrons on the dimerization processes. 
Intuitively, the dimerization behavior could be suppressed by switching to a more polar 
solvent environment. For example, it had been shown that the dimerization constant (Kdm*) 
of the UPy moiety could be reduced significantly by using a polar, mixed solvent system 
(e.g. 10% (v/v) DMSO-J6/CDCI3). This suggested that the dimerizations of I62-I82 could 
also be suppressed in the same manner such that the relative dimerization constants could 
be probed. Besides the relative dimerization strength, the dendritic effect in dimers I62-I82 
could also be investigated by comparing their dimerization constants to a nondendronized 
analog (e.g. compound 32】）under the same conditions (Figure 4-6). 
According to the N M R spectra, the dimerization shown in Figure 4-6 was a slow 
» 
^ process in N M R timescale since a slow tautomerization was involved in this dimerization 
process (see Figure Thus, two sets of signals were observed for the 6[\H] monomer 
. and the 4[1//] D D A A dimer instead of one set of weight-average signals. The differences 
between these two sets of signals were mainly due to the protons on the UPy moiety due to 
the large structural difference between the 6[\H] and 4[1//] tautomers. On a 500 M H z 
spectrometer, the methyl proton signals and/or the vinylic proton signals aroused from the 
dimers and monomers were found to have separate chemical shift values without 
overlapping. The integration ratio of these two sets of non-overlapping signals was then 
used to calculate the dimerization constant (A^ dim*). The relationship of integration, I, and 
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Figure 4-5. 'H NMR spectra (500 MHz) of dimers I62-I82 and 322 in 10% (v/v) DMSO-df/CDCh at 25�C. 
. number of moles, n, is: 
Idim/2 = ^ dimndim (5-3) 
Imono — ^ monorimono (5-4) 
where Idim and Imono are the integrations of the selected N M R signals of the dimer and the 
monomer, respectively; ridim = number of moles of dimer, and iimono = number of moles of 
monomer', k^ im 
and kmom, which are related to pulse delay "dl", are the constants of 
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proportionality. With a sufficient long pulse delay {i.e. dl > 5 seconds in 'H NMR), 
complete relaxation of the excited spins will be achieved. Hence,众dim and A:mono can be 
assumed to be the same. Thus, combining Equations 5-3 and 5-4 yields Equation 5-5: 
I dim Z2 _ (5-5) 
I mono n 1110110 
Solving the two unknowns, njim and n„iono, with the mass balance Equation 5-6: 
no = 2(lldim) + nmono (5-6) 
where no = total number of moles of ureidopyrimidinone. Combining Equations 5-5 and 
5-6 to the equation of A^ dim* and rearrange to give Equation 5-7: 
_ [dim] _ n,„„/V _ V I + 1丨仙 „ 0 ) /c 
八 dim, — 7 ^ — 7 ；T；^ — 72 " 
[mono] (n 丨删。/V) 2no I_o 
where V is the volume of the sample. 
By inserting the integration values of a selected signal (e.g. C//3) of the dimers and 
the monomers to Equation 5-7，the value of Kdm* under this condition can be easily 
obtained (Table 4-2). 
Table 4-2. Values of K—* (10% (v/v) DMSO-dr/CDCh at 25 °C) 0//(^厂化2 and 322 obtained from Equation 
5-7 with no = 10 x 10^ mol and V = 0.001 L . 
、 Compounds ^ / W (M-Y 
I62, R = [G1] 1.335 1.612 1 x 10^  
‘ 172, R = [G2] 1.216 1.774 2 x 10^  
I82, R = [G3] 0.318 0.512 2 x 10^  
322, R = n-Bu 1.155 1.822 2 x 10^  
t All integration values used were of the CH^ signals except for compound I82 for which the C=CH signals 
was used. 
The results suggested a generation-independent dimerizing strength in the dendritic 
series. Moreover, this strength is the same as that found in nondendronized analog 322. 
Obviously, the steric size of the dendrons did not impede the dimerization even with the 
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largest [G3] dendron studied here. The preservation of the D D A A array was again 
attributed to the microenvironment effect from the dendrons as described in Section 4.2.1. 
4.2.3 Dimerization Constants in CDCI3 at 50 °C 
Instead of increasing the polarity of solvent, raising the temperature of solvent can 
also lead to a reduction of the dimerization constant. In Section 4.2.1, we saw that the 
dimerization constants of dendronized dimers I62-I82 were at least 10^ in CDCI3 at 25 
°C. At elevated temperatures, only separated signals for the 4[\H] D D A A dimer and the 
6[\H] monomeric tautomer were detected. The dimerization constants measured at 50 °C 
were shown in Table 4-3. 
Table 4-3. Values of K(i丨(CDCh at 50�C) of 16^18 2 and 32�obtained from Equation 5-7 with n,, = 1.0 x 
10^ mol and V = 0.001 L 
Compounds K^m- (M"V 
I62, R = [G1] 0.213 3.013 1 x 10^ 
172, R = [G2] 0.090 1.996 3 x 10^ 
I82, R = [G3] 0.129 1.985 1 x 10^ 
322, R = n-Bu 0.129 2.998 3 x 10^ 
t The C//3 signals were used for compounds I62 and 322 and the C//2N signals for compounds�2 and 182. 
.The destabilization by elevating the temperature was small when compared to that 
' by increasing solvent polarity. Nevertheless, this destabilization allowed the quantitative 
measurement of the dimerization constants. Again, there was no significant difference in 
the dimerizing strength within the dendritic series. The dimerizing strength was almost the 
same as nondendronized analog 322 possessed. These results once more illustrated the 
negligible steric effect from the dendrons on the dimerization process and the preservation 
of the D D A A motif by microenvironment effect from the dendrons. 
4.3 Hetewdimerization Experiment 
The negligible steric effect on the dimerization process was further supported by 
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the heterodimerization experiment.斗丨 The dimerization behavior of an equimolar mixture of 
compounds 16 and 18 was investigated by ^H N M R spectroscopy. Due to the high 
similarity in structures of I62 and I82, their N M R signals were highly overlapped 
(Figure 4-7). Nonetheless, the intensities of the focal point benzylic proton signals showed 
a statistical distribution of homodimers (I62 and I82) and heterodimer (16*18) in 1:1:2 
molar ratios. 
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‘ Figure 4-6.丨H NMR spectrum (500 MHz) of an equimolar mixture of 16： and 18： in CDCI3 at 25 °C. The 
„ inset shows the expanded focal point benzylic region. 
Although the size difference was large between the [Gl] and the [G3] dendrons, the 
dimerization process was unaffected since a statistical mixture was obtained. This result 
was also in full agreement in the previous experiments. 
4.4 Conclusions 
A new series of [G1]-[G3] dendronized dimers I62-I82 were synthesized and 
thoroughly characterized. The dimerization constants, were at least 10^ M—1 for all 
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three generations in CDCI3 at 25 °C. The high dimerization constants at 25 °C hampered a 
direct study of the dendritic effects, namely the steric effect and the microenvironment 
effect, on the binding process. Therefore, we reduced the dimerization constants to a 
measurable value by imposing certain monomer-favoring conditions in order to conduct 
comparative studies. For example, in a 10% (v/v) DMSO-^VCDCb at 25。C, all 
dendronized dimers, together with the nondendronized analog 322, possessed the same 
I 
dimerization constant (A^ dim* = 10 NT ). Similarly, in CDCI3 solution at 50 °C, the four 
aforementioned dimers (I 62-I82 and 322) gave the same dimerization constant (A^ dim* = 
M—i). These findings illustrated that the binding stabilities of dimers I62-I82 were not 
weakened by the steric effect imposed by the dendrons. Even the largest [G3] dendron did 
not play an important role in the binding. The heterodimerization study between dimers I62 
and 182 also suggested the same result. 
On the other hand, the tautomerism of the ureidopyrimidinone (UPy) moiety was 
found to be highly dependent on the microenvironment imposed by the dendrons. The 
relatively nonpolar nature of our oligo(benzyl ether) dendrons preserved the D D A A 
tautomeric form exclusively in most circumstances. In the abovementioned experimental 
conditions, no D A D A dimers were detected. In contrast, highly polar dendrons such as an 
‘ oligo(amide) dendrons reduced the dimeric stability as illustrated by Kaifer."^ ' Despite these 
Our oligo(benzyl ether) dendrons: Kaifer's oligo(amide) dendrons: 
• " S t y � z ^ Y � hIT 
Y ^ - Y H N A 一 
2-atom spacing Ly 3-atom spacing 
AB2-type branching pattern ABg-type branching pattern 
Figure 4-7. The branching pattern and branch length of oligo(benzyl ether) dendrons and oligo(amide) 
dendrons. 
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findings, the branching patterns (aromatic AB2 vs. aliphatic AB3) and the branch lengths 
(2-atom vs. 3-atom spacing) are different when comparing our dimers to those of Kaifer's 
(Figure 4-7). It was therefore difficult to compare the steric environment between these 
two series of compounds directly. Nonetheless, a significantly different microenvironment 
was established between these two classes of dendrons, and this factor led to the lowering 
of the dimerization constants of oligo(amide)-based UPy dimers. 
The results obtained in this study hence laid down an important design principle on 
the preparation of hydrogen bond-mediated supramolecular dendronized polymers. It 
turned out that steric effect was not detrimental in lowering the binding strength of this 
UPy unit. Rather, a relatively nonpolar microenvironment was essential to preserve the 
strongly dimerizing behavior of the UPy unit. Therefore, hydrocarbon-based dendrons^' 
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CHAPTER 5 
Experimental Procedures 
5.1 General Information 
'H and "C N M R , and 'H NOESY/ROESY spectra for structural characterization 
were recorded on a Bruker Avance DPX300 ('H: 300 MHz; '^ C: 75.5 MHz) or DRX500 
('H: 500 MHz) spectrometer. 'H N M R spectra for dimerization studies were recorded on 
a Bruker Avance 600 ('H: 600 MHz) or DRX500 ('H: 500 MHz) spectrometer. Unless 
otherwise stated, all N M R measurements were carried out in CDCI3 at 25 °C. Chemical 
shifts were reported as parts per million (ppm) in Sscale using solvent residual peak ('H: 
S = 7.26; '^ C: S = 77.16) as internal standard. Coupling constants (J) were reported in 
hertz. Mass spectra were obtained on a ThermoFinnigan M A T 95 XL double focusing 
sector mass spectrometer with electron impact (EI), fast atom bombardment (FAB), or 
electron spray ionization (ESI) technique. Vapor pressure osmometric (VPO) 
measurements were performed on a Knauer vapor pressure osmometer K-7000 at 30 °C 
using CHCI3 as solvent. FTIR spectra were obtained on a Shimadzu FTIR-8400S 
spectrophotometer with NaCl plate. Gel permeation chromatographic (GPC) 
, measurements were performed on Waters® Styragel columns (HRl, HR2, HR3, and HR4 
7.8 X 300 m m in serial) at 40 °C using THF as eluent (flow rate = 1.0 mL/min) on a 
• Water® HPLC 515 pump equipped with a Waters® 486 tunable U V absorbance detector. 
Melting points were measured on an Electrothermal® 9100 digital melting point 
apparatus and were uncorrected. Elemental analyses were carried out at M E D A C Ltd., 
Brunei Science Center, Cooper's Hill Lane, Egham, Surrey TW20 OJZ, United Kingdom. 
All non-aqueous reactions were carried out under dry N2 atmosphere with 
oven-dried (115 °C) glassware. Unless otherwise stated, all solvents and reagents were of 
reagent quality, purchased commercially, and used without further purification. 
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Tetrahydrofuran (THF) was freshly distilled from Na/benzophenone ketyl under N2. 
Toluene was freshly distilled from Na sphere. jV,A^ -dimethylformamide (DMF) was 
pre-dried by stirring with MgS04 for 24 h and then distilled, and stored over 4 A 
molecular sieves. CDCI3 was neutralized by stirring with anhydrous K2CO3 for 24 h and 
then distilled, and dried over 4 人 M S prior to use. DMSO-Jg was dried over 4 A MS. The 
progress of reaction was monitored by thin layer chromatography (TLC) performed on 
Merck pre-coated silica gel 6OF254 plates, and compounds were visualized with a spray of 
5% (w/v) dodecamolybdophosphoric acid in ethanol with subsequent heating. Flash 
chromatography was carried out on columns of Macherey-Nagel M N Kieselgel 60 M 
(230-400 mesh) silica gel. 
5.2 General Synthetic Procedures 
General Procedure for the Synthesis of Dendritic Esters (22，25，and 28). A 
solution of diisopropyl azodicarboxylate (DIAD) (2.2 equiv.) in THF was added dropwise 
to a mixture of alcohol (2.2 equiv.), methyl 3,5-dihydroxybenzoate (1.0 equiv.), and PhsP 
(2.2 equiv.) in THF at -5 °C. The reaction was allowed to warm to 25 °C and stirred until 
the reaction was completed as indicated by TLC. The mixture was concentrated in vacuo. 
w 
, The resulting oil was taken up in Et^O and washed with K O H solution (2.5 M). The 
、 organic layer was then washed with saturated NaCl solution, dried (MgS04), and filtered. 
. The filtrate was concentrated in vacuo and allowed to stand at 20 °C. The precipitate 
formed was filtered and washed with Et20. The filtrate was concentrated in vacuo and the 
crude product was purified by flash chromatography unless otherwise stated. 
General Procedure for the Synthesis of Dendritic Alcohols (23 and 26). A 
solution of benzoate ester (1.0 equiv.) in THF was added dropwise to a suspension of 
L A H (1.5-2.0 equiv.) in dry THF at 0 °C. The suspension was allowed to warm to 25 °C 
and stirred until the reaction was completed as indicated by TLC. The reaction was 
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quenched ice water and acidified (pH = 1) with HCl solution (1 M). The mixture was 
extracted with EtiO several times and the combined organic layers were washed with 
saturated NaCl solution, dried (MgS04), and filtered. The filtrate was concentrated in 
vacuo and the crude product was purified by flash chromatography. 
General Procedure for the Synthesis of Dendritic Phthalimides (24 and 27). A 
solution of DIAD (1.2 equiv.) in THF was added dropwise to a mixture of dendritic 
alcohol (1.0 equiv.), phthalimide (1.2 equiv.), and PhsP (1.2 equiv.) in THF at -5。C. The 
reaction was allowed to warm to 25 °C and stirred until the reaction was completed as 
indicated by TLC. The reaction mixture was concentrated in vacuo. The resulting oil was 
taken up in EtiO and washed with K O H solution (2.5 M). The organic layer was then 
washed with saturated NaCl solution, dried (MgSCU), and filtered. The filtrate was 
concentrated in vacuo and allowed to stand at 20 °C. The precipitate formed was filtered 
and washed with EtiO. The filtrate was concentrated in vacuo and the crude product was 
purified by flash chromatography unless otherwise stated. 
General Procedure for the Synthesis of Dendritic Amines (19 and 20). 
Hydrazine monohydrate (10 equiv.) was added to a solution of dendritic phthalimide (1.0 
equiv.) in EtOH/THF (v/v = 1/1). The mixture was brought to reflux and the reaction was 
‘ monitored by TLC. After complete reaction, HCl solution (1 M ) was added to the 
V 
reaction mixture. The mixture was extracted with CH2CI2 several times. The combined 
organic layers were washed with saturated NaCl solution, dried (Na2S04), and filtered. 
The filtrate was concentrated in vacuo and the crude product was purified by flash 
chromatography. 
5.3 Experimental Procedures 
2-(l-Imidazolylcarbonylamino)-6-methyI-4[l//]-pyrimidinone (15). This com-
pound was prepared as reported by Meijer et al. with slight modification.^ ^ A mixture of 
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6-methylisocytosine (3.29 g，0.026 mol) and 1,1 '-carbonyldiimidazole (5.59 g, 0.034 mol) 
in dry THF (25 mL) was refluxed for 12 h. The suspension was cooled to 25 °C and 
filtered. The solid was washed with acetone (2 x 20 mL) and dried in vacuo to afford the 
imidazolide 10 as a white solid (5.75 g，100%). Compound 15 was used in the subsequent 
step without further purification. 
[Gl]-UPy (16). A suspension of the [Gl]-amine 19 (1.78 g, 7.08 mmol) and the 
imidazolide 15 (1.63 g, 1.63 mmol) in CHCI3 (80 mL) was stirred at 50-60。C for 2 h. 
The solution was then washed with HCl solution (1 M， 5 0 mL), saturated NaHCOs 
solution (50 mL), and saturated NaCl solution. The organic layer was dried (MgSCU)， 
filtered, and concentrated in vacuo. The resulting solid was recrystallized from CHCI3 to 
give the [Gl]-dimer I62 (2.83 g，99%) as a white solid, mp 193-194。C; N M R : 13.01 
(s，1 H，UPyN//)，12.01 (s, 1 H，ArCHzNHCON//), 10.79 (br s, 1 H, ArCHzN//), 6.49 (d, 
2H,J=2.1,Ar//), 6.32 (t, 1 H，J= 2.1，Ar//)，5.79 (s，1 H, C=CH), 4.37 (d, 2 H, J = 5.7, 
ArCT/zN), 3.92 (t, 4 H，•/= 6.3，OC//2), 2.19 (s, 3 H，UPy-C/Zs), 1.72 (quin, 4 H , J = 6.3, 
OCH2C//2), 1.45 (sextet, 4 H, J = 7.2，C//2CH3), 0.93 (t, 6 H, J = 7.5，CH2C//3)； '^ C 
N M R : 173.1，160.5，156.9, 154.7, 148.4，141.2，106.9, 105.6，100.0，67.7, 43.7，31.4, 
19.4，. 19.1，14.0; IR (NaCl; cm—i): 2955,2935, 2862,1699,1664, 1645,1574,1522,1456, 
‘ 1435, 1414，1389，1352，1335，1296，1252，1234; MS(ESI，m/z): 805 ([2M + H]+，25%), 
403 ([M + H]+，100%); HRMS(ESI) calcd for [2M + H]+，805.4607; Found, 805.4606. 
Anal, calcd for C21H30N4O4： C, 62.67; H, 7.51; N, 13.91. Found: C，62.47; H, 7.51; N, 
13.90. 
[G2]-UPy (17). A suspension of the [G2]-amine 20 (500 mg, 0.82 mmol) and the 
imidazolide 15 (200 mg, 0.91 mmol) in CHCI3 (5 mL) was stirred at 50-60。C for 24 h. 
The reaction mixture was filtered through a pad of Celite. The filtrate was diluted with 
CHCI3 (25 mL) and washed with HCl solution (1 M), saturated NaHCOa solution (10 
mL), and saturated NaCl solution. The organic layer was dried (MgS。4)，filtered, and 
-63 -
Chapter 5 - Experimental Procedures 
concentrated in vacuo. The resulting solid was recrystallized from hexane to give the 
[G2]-dimer 172 (565.0 mg，91%) as a white solid. Rf= 0.25 (hexane/EtOAc = 2/1); mp 
58-59 °C; iH N M R : 13.00 (s, 1 H, UPyN//), 12.03 (s, 1 H, ArCHiNHCON//), 10.85 (br 
s，1 H，ArCH2N/f), 6.64 (d, 2 H，J= 1.8, AxH), 6.55 (d, 4 H, J = 2.1, Ar//), 6.49 (t, 1 H，J 
=1.8，Ar//), 6.39 (t，2H,J=2.1, Ar//), 5.81 (s, 1 H, C=CH)，4.93 (s，4 H, ArC/ZzO),4.41 
( d ， 2 H , J = 5.4, ArC//2N), 3.94 (t，8 H, J = 6.3，OC//2), 2.20 (s, 3 H, UPy-C/Zs), 1.76 
(quin, 8H,J= 6.9，OCH2C//2), 1.48 (sextet, 8H,J= 7.8, C//2CH3), 0.97 (t, 12H,J= 7.2， 
CH2Ci/3); 13c N M R : 173.0, 160.6, 160.2, 156.9, 154.7,148.4, 141.4，139.2, 106.9, 106.4, 
105.9,100.8，100.7，70.2, 67.8，43.6，31.4，19.3, 19.0，14.0; IR (NaCl; cm"'): 3030，2957, 
2934, 2870，1695，1659，1583, 1524，1450, 1366, 1342，1296，1252, 1157; MS(ESI, m/z): 
1519 ([2M + H]+，20%), 759 ([M + H]+，100%); HRMS(ESI) calcd for [2M + H]+， 
1517.8582; Found, 1517.8585. Anal, calcd for C43H58N4O8： C, 68.05; H, 7.70; N, 7.38. 
Found: C, 67.96; H, 7.56; N, 7.28. 
[G3]-UPy (18). A suspension of the [G3]-amine 21 (244 mg, 0.184 mmol) and 
imidazolide 15 (51 mg, 0.233 mmol) in CHCI3 (10 mL) was stirred at 50-60 °C for 16 h. 
The reaction mixture was filtered through a pad of Celite. The filtrate was diluted with 
CHCI3 (25 mL). This solution was washed with HCl solution (1 M), saturated NaHCOs 
‘ solution (10 mL), and saturated NaCl solution. The organic layer was dried (MgS04)， 
filtered, and concentrated in vacuo. The resulting liquid was purified by flash 
chromatography (EtsN/EtOAc = 1/99) to give the [G3]-dimer I82 (257 mg, 95%) as a 
pale yellow glass. Rf= 0.35 (hexane/EtOAc = 4/1); ^ H N M R : 12.97 (s, 1 H, UPyN//), 
12.02 (s, 1 H, ArCHzNHCON//), 10.87 (br s，1 H, ArCHzN//), 6.69 (overlappings,4H + 
2 H, AxH), 6.57-6.52 (m, 11 H, Ar//), 6.42 (t, 4 H, J=2.1, Ar//)，5.79 (s, 1 H, C=C//), 
4.97 (s, 4 H，ArC//20), 4.95 (s, 8 H，ArC/ZiO), 4.42 (d，2H,J= 5.4, C//2N), 3.96 (t, 16 H， 
J = 6.6, OC//2), 2.15 (s, 3 H, UPy-C//3), 1.76 (quin, 16 H, J = 8.1, OCH2C//2), 1.49 
(sextet, 16 H, J= 7.5，C//2CH3), 0.98 (t, 24 H,J= 7.5，CH2C//3)； "C N M R : 173.0，160.6， 
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160.2，160.1，156.9，154.6, 148.5, 141.5，139.4，139.0，106.8, 106.5, 106.4，105.8，101.6， 
100.9，70.2，70.1, 67.8，43.7，31.4, 19.3, 18.9，14.0; IR (NaCl; cm"'): 2957, 2932, 2870, 
1697，1661，1589, 1524, 1447, 1371，1342, 1321, 1294, 1248, 1144; MS(ESI, miz): 2946 
([2M + H]+，5%), 1473 ([M + H]+, 100%); HRMS(ESI) calcd for [2M + H]+，2942.6532; 
Found, 2942.6473. Anal, calcd for C87H114N4O16： C, 70.99; H, 7.81; N, 3.80. Found: C, 
70.76; H, 7.58; N, 3.65. 
[Gl]-amine (19). Following the general procedure, reaction of the [Gl]-NPhth 24 
(2.85 g，7.47 mmol), hydrazine monohydrate (1 mL, 20 mmol), EtOH (10 mL), and THF 
(10 mL) afforded the [Gl]-amine 19 (1.85 g, 98%) as a pale yellow oil. Rf= 0.2 (1% EtsN 
in EtOAc); N M R : 6.44 (d，2H, J=2.1, MH), 6.33 (t，1 H，J= 2.1，AiH), 3.93 (t, 4 H, 
J= 6.6，OC//2), 3.77 (s，2 H, ArC_)，1.74 (quin, 4H,J= 8.4, OCH2C//2), 1.53-1.41 
(m，6 H，C//2CH3 and N//2), 0.96 (t, 6 H , J = 7.2，C//3); '^ C N M R : 160.5，145.8，105.3, 
99.6, 67,7, 46.8，31.4，19.3，13.9; HRMS(EI) calcd for [M]+, 251.1880; Found, 251.1877. 
Anal, calcd for C15H25NO2： C，71.67; H，10.02; N, 5.57. Found: C, 71.45; H, 10.07; N, 
5.82. 
[G2]-aiiiine (20). Following the general procedure, reaction of the [G2]-NPhth 27 
(2.47 g, 3.34 mmol), hydrazine monohydrate (1.65 mL, 34 mmol), EtOH (50 mL), and 
‘ THF (50 mL) afforded the [G2]-amine 20 (1.89 g, 93%) as a pale yellow oil. R/= 0.2 
(CH2CI2); ^ H N M R : 6.58-6.53 (m, 6 H, AxH)’ 6.51 (t, 1 H, J= 2.4，AiH), 6.42 (t, 2 H, J= 
2.4, Ar//), 4.96 (s, 4 H，ArCZ/zOAr), 3.95 (t, 8H,J= 6.6，OC//2), 3.81 (s，2 H, ArC/ZiN), 
1.77 (quin, 8H, J = 8.1, OCH2C//2), 1.56-1.42 (m，10 H, C//2CH3 and 丽2)’ 0.98 (t, 12 
H，•/= 7.2，CH3); UC N M R : 160.6, 160.2, 146.0，139.2，106.1，105.7，100.8, 100.5，70.1， 
67.8，46.7，31.4,19.3，13.9; HRMS(FAB) calcd for [M + H]+，608.3946; Found, 608.3942. 
Anal, calcd for C37H53NO6： C, 73.11; H, 8.79; N，2.30. Found: C, 73.04; H, 8.87; N，2.22. 
[G31-amine (21). A solution of the [G3]-azide 31 (1.21 g, 0.897 mmol) in dry 
THF (3 mL) was added dropwise to a solution of L A H (0.16 g, 4.21 mmol) in dry THF 
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(10 mL). The suspension was allowed to warm to 25 °C and stirred until the reaction was 
completed as indicated by TLC. The reaction was quenched ice water and acidified (pH = 
1) with HCl solution (1 M). The mixture was extracted with Et^O (3 x 25 mL) and the 
combined organic layers were washed with saturated NaCl solution, dried (MgSCU)，and 
filtered. The filtrate was concentrated in vacuo and the crude product was purified by 
flash chromatography to afforded the [G3]-amine 21 (1.08 g, 91%) as a pale yellow oil. 
Rf= 0.3 (1% EtsN in EtOAc); 'H N M R : 6.70 (d, 4 H, 2.4, AxH), 6.60-6.58 (m, 12 H, 
AvH), 6.53 (t, I H, J=2.1, ArH), 6.43 (t,4H, J=2.1, ArH), 4.99 (s, 4 H, ArC/ZiO), 4.97 
(s, 8 H, ArC//20), 3.96 (t, 16 H, J=6.3, OC//2), 3.83 (s, 2 H, C//2N), 1.77 (quin, 16 H, J 
=8.1，OCH2C//2), 1.55-1.40 (m, 18 H, C//2CH3 and N//2), 0.99 (t, 24 H, J = 7.2, 
CH2C//3); '^ C N M R : 160.6, 160.21, 160.16, 146.0, 139.4, 139.0, 106.4, 106.1，105.8, 
101.6, 100.9, 100.4, 70.2, 70.0，67.8, 46.7, 31.4，19.3，13.9; HRMS(FAB) calcd for [M + 
H]+，1320.7921; Found, 1320.7960. Anal, calcd for CgiHiogNOu： C, 73.66; H, 8.32; N, 
1.06. Found: C，73.48; H, 8.36; N, 0.99. 
[Gl]-ester (22). ^^ Following the general procedure, a mixture of methyl 
3,5-dihydroxybenzoate (60.23 g, 0.358 mol), /t-butanol (72 mL, 0.787 mol), PhsP (207 g, 
0.78,9 mol) in dry THF (250 mL) was treated with a solution of DIAD (156 mL, 0.755 
‘ mol) in dry THF (500 mL) to afford the [Gl]-ester 22 (93.40 g, 93%) as a colorless oil. Rf 
、 =0.44 (hexane/EtOAc 二 20/1); 'H N M R : 7.12 (d, 2 H,J=2.4, ArH), 6.63 (t, 1 H,J=2.4, 
‘ ArH), 3.97 (t, 4 H, J = 6.3, OC//2), 3.89 (s, 3 H, OC//3), 1.76 (quin, 4 H, J = 6.6, 
OCH2C//2), 1.48 (sextet, 4 H, J = 7.2, C//2CH3), 0.97 (t, 6 H, J = 7.2, CH2C//3); '^ C 
N M R : 167.1, 160.3, 131.9，107.7, 106.7, 68.1，52.3, 31.4, 19.3, 14.0; HRMS(ESI) calcd 
for [M + Na]+，303.1572; Found, 303.1568. 
[GII-alcohol (23). Following the general procedure, reaction of L A H (2.99 g, 
0.079 mol) in dry THF (130 mL) with a solution of the [Gl]-ester 22 (16.52 g, 0.059 
mmol) ill dry THF (50 mL) afforded the [Gl]-alcohol 23 (14.55 g，98%) as a pale yellow 
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oil. Rf= 0.17 (hexane/EtOAc = 5/1); N M R : 6.50 (d, 2 H , J = 2.4, AiH), 6.38 (t, 1 H, J 
=2.4，Ar//)，4.62 (d，2 H, «/= 6.0，C//2OH), 3.94 (t, 4 H , J = 6.6, OC//2), 1.75 (quin，4 H, 
6 . 8，O C H j C H i ) , 1.65 (t, 1 H, J = 6, CHzOi/)，1.48 (sextet, 4 H, J = 7.6，C//2CH3), 
0.97 (t, 6 H，•/= 7.4，C//3) 13c N M R : 160.6，143.3, 105.2, 100.7，67.9，65.5, 31.4, 19.4, 
14.0; HRMS(EI) calcd for [M]"", 252.1720; Found, 252.1728. Anal, calcd for C15H24O3： C, 
71.39; H, 9.59. Found: C, 71.32; H，9.68. 
[Gl]-NPhth (24). Following the general procedure, reaction of the [Gl]-alcohol 
23 (4.56 g, 18.1 mmol), phthalimide (3.32 g, 22.6 mmol), DIAD (4.5 mL, 21.8 mmol), 
and PhaP (6.20 g, 23.6 mmol) in dry THF (200 mL) afforded the [Gl]-NPhth 24 (5.50 g, 
80%) as a white crystal after recrystallization from petroleum ether (fraction 60-80). Rf= 
0.48 (hexane/EtOAc = 4/1); mp 93-94。C; N M R : 7.92-7.61 (m, 4 H，AiH)’ 6.54 (d, 2 
H，•/= 2.1，AxH), 6.33 (t, 1H,J=2.1, AxH), 4.73 (s, 2 H，ArCZ/zN), 3.89 (t, 4H,J= 6.6， 
OC//2), 1.71 (quin, 4 H,7=8.1, OCH2C//2), 1.44 (sextet, 4 H , J = 7.5, C//2CH3), 0.93 (t, 
6H,J=7.5,C//3)； 13C N M R : 167.9,160.4,138.4’ 133.9，132.1，123.2,106.8，100.5,67.6， 
41.6，31.3，19.2, 13.8; HRMS(ESI) calcd for [M + Na].，404.1832; Found, 404.1840. 
Anal, calcd for C23H27NO4： C，72.42; H，7.13; N，3.67. Found: C，72.55; H, 7.03; N，3.40. 
„ [G2]-ester (25). Following the general procedure, a mixture of the [Gl]-alcohol 
‘ 23 (18.29 g, 0.072 mol), methyl 3,5-dihydroxybenzoate (5.79 g，0.034 mol), PhsP (23.02 
V 
g, 0.088 mol) in dry THF (200 mL) was treated with a solution of DIAD (18.25 mL, 
0.087 mol) in dry THF (350 mL) to afford the product as a pale yellow oil after 
chromatography. Precipitation from cold M e O H gave the [G2]-ester 25 (20.14 g, 93%) as 
a white powder. R广 0.48 (hexane/EtOAc = 10/1); mp 45-46。C; N M R : 7.28 (d，2 H, 
J=2.1, AiH), 6.79 (t, 1 H,J=2.1, Ar//), 6.55 (d, 4 H, J = 2.1, AiH), 6.41 (t, 2H,J=2.1, 
ArH)’ 4.99 (s，4 H，ArCZ/j), 3.95 (t, 8H,J= 6.4, OC//2), 3.90 (s, 3 H, OC//3), 1.76 (quin, 
8 H, J = 6.6, OCH2C//2), 1.48 (sextet, 8 H, J = 7.5, C//2CH3), 0.97 (t, 12 H, J = 7.2, 
CH2C//3); 13c N M R : 166.9, 160.7, 159.9, 138.7，132.1，108.5, 107.3, 105.8, 101.0, 70.4， 
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67.8，52.3, 31.4，19.4,14.0; HRMS(FAB) calcd for [M + H]+，637.3735; Found, 637.3737. 
Anal, calcd for C38H52O8： C, 71.67; H，8.23. Found: C, 71.55; H, 8.19. 
[G2]-alcohol (26). Following the general procedure, reaction of L A H (1.82 g, 
0.048 mol) in dry THF (200 mL) with a solution of the [G2]-ester 25 (14.91 g, 0.023 mol) 
in dry THF (100 mL) afforded the [G2]-alcohol 26 (14.11 g, 99%) as a pale yellowish oil. 
Rf= 0.20 (hexane/EtOAc = 5/1); ^ H N M R : 6.61 (d, 2H, J = 2.4，AxH)，6.55-6.53 (m，5 H, 
AxH), 6.40 (t，2 H, J= 2.4，AxH), 4.95 (s, 4 H，ArC//20Ar), 4.63 (s，2 H, ArC//20H), 3.95 
(t, 8 H，《/= 6.3，OCHi), 1.76 (quin, 8 H， 6 . 9 , OCH2C//2), 1.62 (br s, 1 H, CH2O//), 
1.48 (sextet, 8 H，J= 7.5, C//2CH3), 0.97 (t，12 H, J= 7.2，CH )^\ ^ C^ N M R : 160.4’ 160.0, 
143.6，139.1, 105.7, 105.5, 101.2, 100.7，70.0，67.7，65.0, 31.3，19.3，13.9; HRMS(ESI) 
calcd for [M + Na]+，631.3605; Found, 631.3617. Anal, calcd for C37H52O7： C，73.00; H, 
8.61. Found: C, 72.86; H, 8.62. 
[G2]-NPhth (27). Following the general procedure, reaction of the [G2]-alcohol 
26 (9.06 g, 14.9 mmol), phthalimide (2.64 g, 17.9 mmol), DIAD (3.60 mL, 17.1 mmol), 
and PhaP (4.68 g, 17.8 mmol) in dry THF (90 mL) afforded the [G2]-NPhth 27 (8.82 g， 
80%) as a white solid after recrystallization from MeOH. Rf= 0.68 (hexane/EtOAc = 4/1); 
mp 102-103 °C; 1H N M R : 7.86-7.70 (m, 4 H, AiH), 6.66 (d，2H, J = 2.4, AvH), 6.54 (d, 
‘ 4 H，J= 2.1，AxH), 6.51 (t，1 H, J = 2.4，AxH)’ 6.39 (t,2H, J=2.1, AxH), 4.92 (s, 4 H, 
ArC//20Ar), 4.78 (s，2 H, AxCHiW), 3.94 (t，8 H，J= 6.6，OC//2), 1.75 (quin, 8 H，J= 6.9， 
OCH2C//2), 1.48 (sextet, 8 H, J = 7.5, C/fjCHs), 0.97 (t，12 H, J = 7.2, CH2C//3)； ^C 
N M R : 168.1, 160.6, 160.2, 139.0，138.6, 134.1，132.2, 123.5, 107.6，105.9, 101.4, 101.0， 
70.2, 67.8，41.7, 31.4，19.4，14.0; HRMS(FAB) calcd for [M + H]+，738.4000; Found, 
738.4005. Anal, calcd for C45H55NO8： C, 73.24; H, 7.51; N，1.90. Found: C，73.12; H, 
7.51; N, 1.86. 
[G3]-ester (28). Following the general procedure, a mixture of the [G2]-alcohol 
26 (4.27 g, 7.01 mmol), methyl 3,5-dihydroxybenzoate (0.54 g, 3.19 mmol), PhsP (2.09 g, 
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7.98 mmol) in dry THF (25 mL) was treated with a solution of DIAD (1.70 mL, 8.06 
mmol) in dry THF (55 mL) to afford the [G3]-ester 28 (3.99 g, 93%) as a pale yellow oil. 
RF= 0.66 (hexane/EtOAc = 5/1); N M R : 7.29 (d，2H, J = 2.4，AIH), 6.80 (t, 1 H, J = 
2.4，ArH)’ 6.68 (d, 4 H, J=2.4, ArH), 6.58-6.56 (m，10 H, ArH), 6.41 (t, 4 H, J=2.1, 
ATH), 5.01 (s, 4 H, ArC//2), 4.96 (s，8 H, ARCHI), 3.95 (t, 16 H，•/= 6.3，OC//2), 3.92 (s，3 
H, OC//3), 1.75 (quin, 16 H, J = 6.9, OCH^C/y，1.48 (sextet, 16H, J = 7.5，C//2CH3), 
0.97 (t, 24 H, J = 7.5，CH2C//3)； ^^ C N M R : 166.8, 160.6，160.2，159.8, 139.0，138.9， 
132.1，108.4，107.2，106.5，105.8, 101.8，100.9，70.2, 67.8, 52.3，31.4，19.3，14.0; 
HRMS(ESI) calcd for [M + Na]+，1371.7530; Found, 1371.7504. Anal, calcd for 
C82H108O16： C，72.97; H, 8.06. Found: C, 72.70; H, 8.12. 
[G3]-alcohol (29). A solution of DIBAL-H (18.0 mL, 1 M in hexane, 18.0 mmol) 
was added drop wise to a stirred solution of the [G3]-ester 28 (7.84 g, 5.81 mmol) in 
toluene (100 mL) at -78 °C. The solution was allowed to warm to 25 °C and stirred for 
Ih. The reaction was quenched with M e O H (20 mL). The mixture was poured into water 
(50 mL) and extracted with EtzO (2 x 150 mL). The combined extracts were washed with 
saturated NaCl solution, dried (MgS04), filtered, and concentrated in vacuo. The crude 
product was purified by column chromatography (hexane/EtOAc = 15/1 gradient to 5/1) 
to give the [G3]-alcohol 29 (7.28 g，95%) as a pale yellow oil. RF= 0.57 (hexane/EtOAc = 
3/1); ^ H N M R : 6.67 (d，4 H, J= 2.1, ArH), 6.60 (d, 2 H, J= 2.1, ArH), 6.57-^.53 (m, 11 
H, ArH), 6.40 (t,4H,J=2.1, ArH), 4.97 (s, 4 H, ArCHj), 4.95 (s, 8 H, ArC/ZzOAr), 4.62 
(d, 2 H , 5.7，C//2OH), 3.94 (t, 16 H, J= 6.3，OC//2), 1.55-1.42 (m, 17 H, OCH2C//2 
and CH2O//), 1.48 (sextet, 16H, J = 7.8，C//2CH3), 0.97 (t，24 H, J = 7.5，CH2C//3); '^ C 
N M R : 160.5, 160.1，160.0，143.7, 139.3, 139.0，106.3，105.7, 105.5, 101.5, 101.1, 100.7， 
70.0，69.8，67.7，65.0, 31.3’ 19.3，13.9; HRMS(ESI) calcd for [M + Na]+，1343.7580; 
Found, 1343.7600. Anal, calcd for CgiHiogOis： C, 73.61; H, 8.24. Found: C, 73.58; H, 
8.28. 
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[G3]-bromide (30). A solution of the [G3]-alcohol 29 (1.50 g, 1.14 mmol), CBr* 
(0.75 g, 2.27 mmol), and PhsP (0.60 g, 2.27 mmol) in THF (3 mL) was stirred at 25。C 
for 2 h. The solution was concentrated in vacuo and then dissolved in minimum amount 
of CH2CI2. The mixture was purified by flash chromatography (hexane/EtOAc = 20/1 
gradient to 10/1) to afford the [G3]-bromide 30 (1.46 g，93%) as a clear colorless oil. Rf= 
0.40 (hexane/EtOAc = 10/1). N M R : 6.69 (d，4H, J = 2.1, ArH), 6.65 (d，2H, J = 2.1， 
ArH), 6.60-6.56 (m，11 H，ArH), 6.43 (t, 4 H , J = 2.1，ArH), 4.97 (s, 12 H, ArO/sO), 
4.43 (s, 2 H, C//2Br), 3.96 (t, 16 H, J= 6.3’ OC//2), 1.77 (quin, 16 H,J= 8.1，OCH2C//2), 
1.50 (sextet, \6H,J= 7.8，C//2CH3), 0.99 (t, 24 H, J = 7.5, CH2C//3)； '^ C N M R : 160.5, 
160.1，159.9，139.8, 139.0，108.1, 106.3, 105.6, 102.1, 101.6，100.7，69.95，70.05，67.7， 
33.6, 31.3, 19.3，13.9; HRMS(ESI) calcd for [M + Na]+，1405.6736; Found，1405.6722. 
Anal, calcd for CgiHioyOHBr: C, 70.26; H，7.79. Found: C, 70.53; H, 7.84. 
[G3]-azide (31). A solution of the [G3]-bromide 30 (1.44 g, 1.04 mmol) and 
NaNa (0.34 g，5.19 mmol) in D M F (9 mL) was stirred at 130。C for 6 h. The solution was 
concentrated in vacuo and the residue was taken up with Et20 (30 mL). The ethereal 
layer was washed with H2O (20 mL), and saturated NaCl solution. Subsequent drying 
(MgS04)，filtering, and concentrating in vacuo gave a yellow oil. Purification of the oil 
by flash chromatography (hexane/EtOAc = 15/1 gradient to 10/1) afforded the [G3]-azide 
V 
31 (1.34 g, 95%) as a pale yellow oil. Rf= 0.63 (hexane/EtOAc = 5/1); ^ H N M R : 6.71 (d, 
4 H， 1 . 8， A i H ) , 6.60-6.58 (m, 13 H, AiH), 6.44 (t, 4 H, J=2.1, ArH), 5.00 (s, 4H， 
ArC//20), 4.98 (s，2 H, ArCZ/jO), 4.28 (s, 2 H，ArCZ/sN;)，3.97 (t, 16 H，6.6, OC//2), 
1.78 (quin, 16H, J = 6.6, OCH2C//2), 1.51 (sextet, 16H, J = 7.5, C//2CH3), 1.00 (t, 24 H, 
J = 7.5，CH2C//3)； 13c N M R : 160.6, 160.2，139.1，139.0，137.7，107.2, 106.4，105.8, 
101.8，101.7，100.9，70.2，70.1，67.8，54.9, 31.4，19.3’ 13.9; HRMS(ESI) calcd for [M + 
Na]+，1368.7645; Found, 1368.7657. Anal, calcd for C81H107N3O14： C, 72.24; H，8.01; N, 
3.12. Found: C, 72.50; H, 8.16; N，2.98. 
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A^-[(Butylamino)carbonyl]-6-methylisocytosine (32). This compound was 
prepared as reported by Meijer et al. with slight modification.'^ ^ A mixture of the 
imidazolide 15 (1.00 g, 4.57 mmol) and 1 -aminobutane (0.37 g, 5.0 mmol) was stirred in 
CHCI3 (10 mL) at 50-60 °C for 12 h. The resulting turbid solution was diluted with 
CHCI3 (30 mL) to form a clear colorless solution. This solution was washed with HCl 
solution (1 M), saturated NaHCOs solution (10 mL), and saturated NaCl solution. The 
organic layer was dried (MgS04), filtered, and concentrated in vacuo. The resulting white 
precipitate was recrystallized from EtOH/CHCb (9/1) mixture to afford the titled dimer 
322 as a white crystal (0.84 g, 82%). 'H N M R : 13.12 (s, 1 H, UPyN//), 11.82 (s, 1 H, 
BuNHCON//), 10.12 (br s, 1 H, BuN//), 5.78 (s, 1 H, OC//)，3.22 (dt, 2 H , 5.8 and 
7.2, NC//2), 2.20 (s, 3 H, UPy-C/Zs), 1.56 (quin, 2 H, J-6.9, NCH2C//2), 1.32 (sextet, 2 
H, J = 7.2, C//2CH3), 0.91 (t, 3 H, J = 7.2, CH2C//3); '^ C N M R : 173.2, 156.7, 154.8, 
148.3，106.8, 39.9，31.7, 20.3, 19.0, 13.9; HRMS(ESI) calcd for [M + H]+，225.1346; 
Found, 225.1351. 
t 
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Appendix 
APPENDIX 
NMR Spectra and GPC Results: 
1. 1h N M R spectrum of imidazolide 15 80 
2. 13c N M R spectrum of imidazolide 15 81 
3. 1h N M R spectrum of [Gl] dendronized dimer I62 82 
4. 13c N M R spectrum of [Gl] dendronized dimer I62 83 
5. 1h N O E S Y spectrum of [Gl] dendronized dimer I62 84 
6. 1H N M R spectrum of [G2] dendronized dimer 17】 85 
7. 13c N M R spectrum of [G2] dendronized dimer 17〗 86 
8. 1h N O E S Y spectrum of [G2] dendronized dimer Vh 87 
9. 1h N M R spectrum of [G3] dendronized dimer I82 88 
10. 13c N M R spectrum of [G3] dendronized dimer I82 89 
11. 1H R O E S Y spectrum of [G3] dendronized dimer I82 90 
12. N M R spectrum of [Gl]-amine 19 91 
13. 13c N M R spectrum of [Gl]-amine 19 92 
14. 1h N M R spectrum of [G2]-amine 20 93 
15. “ 13c N M R spectrum of [G2]-amine 20 94 
i 
16. 1h N M R spectrum of [G3]-amine 21 95 
V 
17. 13c N M R spectrum of [G3]-amine 21 96 
18. 1h N M R spectrum of [Gl]-ester 22 97 
19. '^ C N M R spectrum of [Gl]-ester 22 98 
20. 1h N M R spectrum of [Gl]-alcohol 23 99 
21. 13c N M R spectrum of [Gl]-alcohol 23 100 
22. 1h N M R spectrum of [Gl]-NPhth 24 101 
23. 13c N M R spectrum of [Gl]-NPhth 24 102 
- 7 8 -
Appendix 
24. 1h N M R spectrum of [G2]-ester 25 103 
25. 13c N M R spectrum of [G2]-ester 25 104 
26. N M R spectrum of [G2]-alcohol 26 105 
27. 13c N M R spectrum of [G2]-alcohol 26 106 
28. 1h N M R spectrum of [G2]-NPhth 27 107 
29. 13c N M R spectrum of [G2]-NPhth 27 108 
30. 1h N M R spectrum of [G3]-ester 28 109 
31. 13c N M R spectrum of [G3]-ester 28 110 
32. 1h N M R spectrum of [G3]-alcohol 29 Ill 
33. 13c N M R spectrum of [G3]-alcohol 29 112 
34. N M R spectrum of [G3]-bromide 30 113 
35. 13c N M R spectrum of [G3]-bromide 30 114 
36. 1h N M R spectrum of [G3]-azide 31 115 
37. 13c N M R spectrum of [G3]-azide 31 116 
38. 1h N M R spectrum of A^ -[(butylamino)carbonyl]-6-methylisocytosine 322 117 
39. 13c N M R spectrum of A^ -[(butylamino)carbonyl]-6-methylisocytosine 322 118 
40.. Stacked GPC of [Gl] series 119 
‘ 41. Stacked GPC of [G2] series 119 
、 42. Stacked GPC of [G3] series 119 
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